Geomorphology 


Endogenic & Exogenic 
Forces 


Introduction 


Geomorphology is the study of the earth's surface features and 
how they are shaped by various forces. These forces can be 
divided into two main categories: endogenic (internal) and 
exogenic (external). Together, these forces create the physical 
and chemical changes that shape the earth's landscape, and 
are referred to as geomorphic processes. 


° Endogenic geomorphic processes, such as diastrophism 
and volcanism, occur within the earth's interior. 
Diastrophism encompasses the deformation of the 
earth's crust caused by tectonic forces, while volcanism 
includes the formation of volcanic landforms due to the 
eruption of molten materials. 

e On the other hand, exogenic geomorphic processes take 
place on the earth's surface and include weathering, 
mass wasting, erosion, and deposition. Weathering is the 
breakdown of rocks and minerals by chemical and 
physical processes. Mass wasting refers to the 
movement of soil, rock, and other materials downslope 
under the influence of gravity. Erosion is the removal of 
earth materials by agents such as wind, water, ice, and 
gravity, while deposition is the accumulation of these 
materials in new locations. 

e Geomorphic agents are the mobile mediums, like running 
water, moving ice masses, wind, waves, and currents, 
that facilitate the removal, transportation, and deposition 
of earth materials. These agents play a significant role in 
shaping the earth's surface through the various 


geomorphic processes. 


Endogenic Forces 


° The forces or movements within the Earth's crust are 
generated through the interaction of matter and 
temperature. These Earth movements can be broadly 


classified into two categories: diastrophism and sudden 


movements. The primary driving force behind these 
endogenic geomorphic processes is the energy that 
originates from within the Earth. 

e This internal energy is primarily produced by radioactivity, 
rotational and tidal friction, as well as the primordial heat 
that has been present since the Earth's formation. Due to 
geothermal gradients and heat flow, this energy causes 
diastrophism (slow and gradual deformation of the 
Earth's crust) and volcanism (volcanic activity) within the 


lithosphere. 


Diastrophism 


e Diastrophism is the general term applied to slow 
bending, folding, warping, and fracturing. 

e Warp==make or become bent or twisted out of 
shape, make abnormal; distort. 

° All processes that move, elevate or build up portions of 
the earth’s crust come under diastrophism. 

. They include: 

e orogenic processes involving mountain 
building through severe folding and affecting 
long and narrow belts of the earth’s crust; In the 
process of orogeny, the crust is severely 
deformed into folds. 

° epeirogenic processes involving uplift or 
warping of large parts of the earth’s crust; 

e Due to epeirogeny, there may be simple deformation. 
Orogeny is a mountain-building process whereas 
epeirogeny is a continental building process. 

° Through the processes of orogeny, epeirogeny, 
earthquakes, and plate tectonics, there can be faulting 
and fracturing of the crust. All these processes cause 
pressure, volume, and temperature (PVT) changes 
which in turn induce metamorphism of rocks. 
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Diastrophism 


Which of the following is NOT an example of an endogenic 


geomorphic process? A. Diastrophism B. Volcanism C. 


Weathering D. Earthquakes 


Epeirogenic or Continent Forming 


Movements [Vertical Movements] 


Epeirogenic movement is a geological process that 
involves the gradual rising or sinking of large 
landmasses, such as continents, over extended periods 
of time. These movements exhibit long undulations or 
wavelengths and minimal folding in the earth's crust. 
Cratons, the stable and ancient central portions of 
continents, are particularly susceptible to epeirogeny. 
These epeirogenic movements are also referred to as 
radial movements since they act along the earth's radius. 
They can either cause the land to subside (move closer 
to the center of the earth) or uplift (move away from the 
center of the earth). The consequences of epeirogenic 
movements can often be observed in the geological 


features and landforms of affected areas. 


Uplift 


Evidence of uplift can be seen in features such as raised 
beaches, elevated wave-cut terraces, sea caves, and 
fossiliferous beds found above sea level. In various 
locations along the coasts of Kathiawar, Nellore, and 
Thirunelveli, raised beaches can be found, with some 
elevated as much as 15 to 30 meters above the current 
sea level. 

There are also several instances where places that were 
once on the coast are now located inland. For example, 
Coringa, which is situated near the mouth of the 
Godavari River, Kaveripattinam in the Kaveri Delta, and 
Korkai on the Thirunelveli coast were all thriving seaports 
approximately 1,000 to 2,000 years ago. These areas 
have shifted inland due to the uplift process, 
demonstrating the changes that have taken place over 


time. 


Subsidence 


Submerged forests, valleys, and buildings serve as 


evidence of land subsidence, which is the sinking of 


the earth's surface. An example of this occurred in 
1819, when a section of the Rann of Kachchh was 
submerged due to an earthquake. 

The discovery of peat and lignite beds beneath sea 
level in Tirunelveli and the Sunderbans also indicates 
subsidence. In addition, the Andaman and Nicobar 
Islands have been separated from the Arakan coast as 
a result of the submersion of the land in between them. 
On the eastern side of Bombay island, trees have been 
discovered embedded in the mud approximately 4 
meters below the low watermark. A similar submerged 
forest has been observed on the Thirunelveli coast in 
Tamil Nadu. 

A significant portion of the Gulf of Mannar and Palk 
Strait is shallow, indicating that it has been submerged 
in relatively recent geological times. Furthermore, part 
of the ancient town of Mahabalipuram, located near 
Chennai (formerly Madras), is now submerged in the 


sea. 


Orogenic or the Mountain-Forming 


Movements [Horizontal Movements] 


Orogenic or the mountain-forming movements act 
tangentially to the earth’s surface, as in plate 
tectonics. 

Tensions produce fissures (since this type of force 
acts away from a point in two directions) and 
compression produces folds (because this type of 
force acts towards a point from two or more directions). 
In the landforms so produced, the structurally 
identifiable units are difficult to recognize. 

In general, diastrophic forces that have uplifted lands 
have predominated over forces that have lowered 


them. 


Lithosphere 


Lithosphere 


Ocean-Continent Convergence 


Sudden Movements 


Rapid changes in the Earth's surface, also known as 


sudden geomorphic movements, predominantly take 


place at the boundaries of lithospheric plates, or 
tectonic plate margins. These areas are highly 
unstable due to the immense pressure generated by 
the pushing and pulling of magma within the Earth's 
mantle, which is driven by convection currents. 

e As a result, these movements can cause significant 
alterations to the Earth's surface within a relatively 


short timeframe. 


Earthquakes 


e An earthquake occurs when the built-up stress in the 
Earth's interior rocks is released through weak zones 
on the planet's surface. This release of energy results 
in wave motions that cause vibrations, which can 
sometimes be devastating, on the Earth's surface. 
These movements can lead to various consequences, 
such as an uplift in coastal areas. For example, an 
earthquake in Chile in 1822 resulted in a one-meter 
rise in the coastal regions. 

° Other effects of earthquakes may include alterations in 
land contours, changes in river courses, and the 
creation of tsunamis (seismic waves generated in the 
ocean by an earthquake, as they are known in Japan), 
which can lead to changes in shorelines. Additionally, 
earthquakes can trigger remarkable glacial surges (as 
observed in Alaska), landslides, soil creep, and mass 


wasting, among other phenomena. 


Volcanoes 


e Volcanism involves the movement of molten rock, 
known as magma, towards or onto the Earth's surface. 
It also includes the formation of various intrusive and 


extrusive volcanic forms. A volcano is created when 


magma from the Earth's interior escapes through vents 
and fissures in the crust, accompanied by steam, 
gases (such as hydrogen sulfide, sulfur dioxide, 
hydrogen chloride, carbon dioxide), and pyroclastic 
material. The shape of a volcano can vary depending 
on the chemical composition and viscosity of the lava. 
° Pyroclastic flow is a dense, rapidly moving mixture of 
solidified lava pieces, volcanic ash, and hot gases, 
which occurs during certain volcanic eruptions. This 
flow is extremely hot and can incinerate anything in its 
path, potentially moving at speeds of up to 200 meters 


per second. 


Exogenic (Exogenetic) Processes 


e External forces, also known as exogenic forces, 
originate from outside the Earth's interior and primarily 
occur within its atmosphere. These forces are 
responsible for wearing down the Earth's surface, 
which is why they are referred to as land wearing 
forces. 

e Exogenic processes are the result of stress applied to 
Earth's materials due to various forces that are 
generated by the heat from the sun. Stress, defined as 
the force applied per unit area, is created by pushing or 
pulling on a solid object. 

e The development of stresses in Earth's materials 
ultimately leads to weathering, erosion, and deposition. 
Two key climatic factors that influence these processes 
are temperature and precipitation, as they play a 


significant role in inducing stress on Earth's materials. 
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e All the exogenic geomorphic processes are covered 


under a general term, denudation. 


° The word ‘denude’ means to strip off or to uncover. 


e Weathering, mass wasting/movements, erosion, 
and transportation are included in denudation. 

° Denudation mainly depends on rock type and its 
structure that includes folds, faults, orientation and 
inclination of beds, presence or absence of joints, 
bedding planes, hardness or softness of constituent 
minerals, chemical susceptibility of mineral 
constituents; permeability, or impermeability, etc. 

e The effects of most of the exogenic geomorphic 
processes are small and slow but will, in the long run, 


affect the rocks severely due to continued fatigue. 


Denudation: 4 Phases 


1. Weathering 
Erosion 


Transportation 


ee x 


Deposition 


What are the two key climatic factors that influence 


exogenic geomorphic processes? 


A. Temperature and wind 
B. Precipitation and humidity 
C. Temperature and precipitation 


D. Wind and humidity 


Conclusion 


Geomorphology is the scientific study of the Earth's surface 
features and the processes that shape them. Endogenic and 
exogenic forces play crucial roles in shaping the Earth's 
landscape through various geomorphic processes, such as 
diastrophism, volcanism, weathering, mass wasting, erosion, 
and deposition. Endogenic forces originate from within the 
Earth's interior and are responsible for slow and sudden 
movements, while exogenic forces are external processes that 
act on the Earth's surface and are largely influenced by 
temperature and precipitation. Together, these forces and the 
geomorphic agents contribute to the continuous transformation 
and evolution of the Earth's surface features through the 
complex process of denudation. 


Frequently Asked Questions (FAQs) of 
Endogenic & Exogenic Forces 


What is the main difference between 
endogenic and exogenic geomorphic 


processes? 
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Endogenic geomorphic processes occur within the Earth's interior 
and are driven by internal energy sources, such as radioactivity and 
geothermal heat. These processes include diastrophism and 
volcanism. Exogenic geomorphic processes occur on the Earth's 
surface and are driven by external forces, such as the sun's heat 
and precipitation. These processes include weathering, mass 


wasting, erosion, and deposition. 


What are the primary driving forces 
behind endogenic geomorphic 


processes? 


The primary driving forces behind endogenic geomorphic processes 
are the energy that originates from within the Earth, such as 
radioactivity, rotational and tidal friction, and the primordial heat that 


has been present since the Earth's formation. 


What are some examples of epeirogenic 
movements, and how do they affect the 


Earth's surface? 


Epeirogenic movements involve the gradual rising or sinking of large 
landmasses, such as continents, over extended periods of time. 
Examples of epeirogenic movements include uplift, which can cause 
raised beaches and elevated wave-cut terraces, and subsidence, 


which can lead to submerged forests, valleys, and buildings. 


How do sudden movements, like 
earthquakes and volcanoes, impact the 


Earth's surface? 


Sudden movements can cause significant alterations to the Earth's 
surface within a relatively short timeframe. Earthquakes can result in 
changes to land contours, alterations in river courses, and the 
creation of tsunamis, while volcanic eruptions can produce various 
intrusive and extrusive volcanic forms, as well as pyroclastic flows 


that can incinerate anything in their path. 


What factors influence the rate and 
intensity of exogenic geomorphic 


processes? 


Two key climatic factors that influence exogenic geomorphic 
processes are temperature and precipitation, as they play a 
significant role in inducing stress on Earth's materials. Additionally, 
factors such as rock type, structure, mineral composition, and 
permeability can also affect the rate and intensity of these 


processes. 


1. What are endogenic forces? 


Ans. Endogenic forces are the internal forces that cause changes in the Earth's crust. These forces are 
generated from within the Earth's surface due to the movement and collision of tectonic plates, 


volcanic eruptions, and earthquakes. 


2. What are exogenic processes? 


Ans. Exogenic processes are the external forces that cause changes on the Earth's surface. These 
processes are caused by factors such as weathering, erosion, deposition, and transportation of 


materials by wind, water, and ice. 
3. What is denudation? 
Ans. Denudation is the process of wearing away the Earth's surface due to the action of exogenic 


forces. It includes weathering, erosion, transportation, and deposition of materials by wind, water, and 


ice. 


4. How do endogenic forces and exogenic processes affect the Earth's surface? 


Ans. Endogenic forces and exogenic processes work together to shape the Earth's surface over time. 
Endogenic forces cause the movement and collision of tectonic plates, which can result in the creation 


of mountains, valleys, and other landforms. Exogenic processes then work to wear away and reshape 


these landforms through processes such as erosion and deposition. 


5. Why are endogenic and exogenic forces important? 


Ans. Endogenic and exogenic forces are important because they play a crucial role in shaping the 


Earth's surface and creating the diverse environments that support life on our planet. These forces 


also have significant impacts on human societies, as they can cause natural disasters such as 


earthquakes, landslides, and floods. Understanding these forces and their effects is important for 


managing and mitigating the risks associated with these natural hazards. 


Physical Condition of Interior of Earth 


Introduction - Interior of Earth 


In this Geomorphology article, we will delve deeper into 
understanding the Earth's interior. One might wonder why 
studying the Earth's interior is important and what benefits can 
be derived from understanding its basic structure. Here are 


some reasons: 


° Understanding the Earth's interior helps us 
comprehend the changes that occur on and beneath 
the Earth's surface. 

e It allows us to better understand geophysical 
phenomena such as volcanism and earthquakes. 

e We can gain insights into the internal structure of 
various objects within the solar system. 

e It enables us to understand the evolution and present 


composition of the Earth's atmosphere. 


e It is crucial for future deep-sea mineral exploration and 


other resource management initiatives. 


Now that we understand the importance of studying the Earth's 
interior, let's discuss the sources that provide knowledge about it 


and explore the composition of the Earth's interior. 


Sources to study the earth’s 


interior 


The methods for acquiring knowledge about the Earth's interior 


can be grouped into two categories: 


e Direct sources 
e Mining and drilling: These activities enable us to 


directly access and observe the Earth's interior, 


allowing us to collect samples and gather 
information about its composition and structure. 

e Volcanic eruptions: Eruptions bring materials 
from deep within the Earth to the surface, 
providing us with valuable information about the 
composition and behavior of the Earth's interior. 

° Indirect sources: 

e Temperature and pressure variations: By 
studying how temperature and pressure change 
with depth, we can infer information about the 
Earth's interior, such as its composition, density, 
and layering. 

e Meteors: Analyses of meteorites can provide 
information about the composition of the Earth's 
interior, as they are believed to have originated 
from the same materials that formed the Earth. 

e Seismicity: Seismic waves generated by 
earthquakes travel through the Earth and are 
affected by the materials they encounter. By 
analyzing these waves, we can gain insights into 
the Earth's interior structure, such as the location 


of various layers and their properties. 


Which of the following discontinuities separates the Earth's 
crust from the mantle? A. Conorod Discontinuity B. Mohorovicic 
Discontinuity (Moho) C. Repiti Discontinuity D. Gutenberg 


Discontinuity 


Structure of the earth’s interior 


The structure of the earth’s interior is made up of several 
concentric layers. Structure of Interior of The Earth is divided 


into three layers- Crust, Mantle, Core 


Lithosphere 
(crust and upper- 
most solid mantle) 
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Interior of The Earth 


Crust 


The Earth's crust is its outermost solid layer, typically 
measuring between 30-50 km in thickness. This layer 
varies in thickness depending on whether it is beneath 
oceanic or continental regions. The oceanic crust is 
generally thinner, ranging from 5-30 km, while the 
continental crust is thicker, measuring between 50-70 km. 
In areas with major mountain systems, such as the 
Himalayan region, the continental crust can be as thick 
as 70-100 km. 

The crust makes up only 0.5-1.0% of the Earth's total 
volume. Its outer covering is composed of sedimentary 
material, primarily granitic rocks. Below this layer, there 
are crystalline, igneous, and metamorphic rocks, which 
are generally acidic in nature. The lower portion of the 
crust consists of basaltic and ultra-basic rocks. 

In terms of density, the outer crust has an average 
density of 2.8, while the lower crust has a density of 
around 3.0. The continental crust is primarily composed 
of lighter silicates made of silica and aluminum, also 
known as "sial." In contrast, the oceanic crust contains 
heavier silicates made of silica and magnesium, referred 
to as "sima." 

The boundary between the Earth's lower crust and the 
upper mantle is known as the Mohorovicic (Moho) 


discontinuity. 
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Discontinuities 


Mantle 


The mantle refers to the layer of the Earth's interior that 
lies beyond the crust. It stretches from a depth of about 
35 kilometers, known as Moho's discontinuity, down to 
approximately 2,900 kilometers. The upper section of 
the mantle, called the asthenosphere, is situated just 
below the crust. Together, the crust and the uppermost 
part of the mantle make up the lithosphere, which has 
a thickness varying between 10 and 200 kilometers. 
Below the asthenosphere lies the lower mantle, which 


is in a solid state. The mantle is denser than the crust, 


with a density ranging from 3.3 to 5.5. It comprises 83 
percent of the Earth's total volume and accounts for 68 
percent of its total mass. The mantle is primarily 
composed of silicate minerals that are rich in iron and 


magnesium. 


Asthenosphere 


e The upper portion of the mantle is called the 
asthenosphere. 

° It is considered to be extending up to 400 km. 

° It is the main source of magma that finds its way to the 
surface during volcanic eruptions. It has a density 


higher than the crust. 


Core 


° The core-mantle boundary is located at the depth of 
2900 km. 

° Core lies between 2900 km and 6400 km below the 
earth’s surface. 

e The outer core is liquid while the inner core is 
solid. 

e The density of the core is higher than the mantle and 
varies from 5.5 to 13.6 g/cm3 

° The core is made up of heavy material mostly 
constituted by nickel and iron [nife]. 

e Volume and mass of core are 16% and 32% of the total 


volume and mass of the earth respectively. 


Earth’s Layers- Seismic 


Discontinuities 


e Conorod Discontinuity— between upper and lower 
crust 

° Mohorovicic Discontinuity (Moho) — separates the 
crust from the mantle, its average depth being about 
35 km. 

e Repiti Discontinuity — between the upper and lower 
mantle 

° Gutenberg Discontinuity — lies between the mantle 
and the outer core. Below 2900 km from earth’s 
surface. 


° Lehman Discontinuity- between inner and outer core. 


The Major Elements of the Earth’s Crust: 


Elements By Weight (%) 
1. Oxygen 46.6 

2. Silicon 27.72 

3. Aluminium | 8.13 

4. Iron 5.00 

5. Calcium 3.63 

6. Sodium 2.83 

7. Potassium 2.59 

8. Magnesium | 2.09 

9. Others 1.41 


Which of the following elements is NOT a major component 


of the Earth's crust? A. Silicon B. Aluminum C. Iron D. Gold 


Conclusion 


Understanding the Earth's interior is crucial for various reasons, 
including predicting geophysical phenomena, studying the 
evolution of the atmosphere, and managing resources. The 
Earth's interior is composed of several concentric layers, 
including the crust, mantle, and core, each with distinct 
properties and compositions. Knowledge about the Earth's 
interior is derived from both direct and indirect sources, such as 
mining, volcanic eruptions, temperature and pressure 
variations, meteors, and seismicity. Studying these layers and 
their properties helps us gain valuable insights into the Earth's 
structure and behavior, contributing to our overall knowledge of 


the planet and the universe. 


Why is studying the Earth's interior 
important? 


Studying the Earth's interior is essential for understanding changes 
that occur on and beneath the Earth's surface, comprehending 
geophysical phenomena such as volcanism and earthquakes, 
gaining insights into the internal structure of objects within the solar 
system, understanding the evolution and composition of the Earth's 
atmosphere, and supporting future deep-sea mineral exploration 


and resource management initiatives. 


What are the direct sources for studying the Earth's 
interior? 

Direct sources for studying the Earth's interior include mining and 
drilling activities, which allow us to directly access and observe the 
Earth's interior, and volcanic eruptions, which bring materials from 


deep within the Earth to the surface. 


What are the indirect sources for studying the Earth's 
interior? 
Indirect sources for studying the Earth's interior include studying 


temperature and pressure variations with depth, analyzing 
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meteorites, and examining seismic waves generated by The major seismic discontinuities in the Earth's interior include the 

earthquakes. Conorod Discontinuity (between upper and lower crust), the 
Mohorovicic Discontinuity (Moho, between the crust and mantle), 

What are the three main layers of the Earth's interior? the Repiti Discontinuity (between upper and lower mantle), the 
Gutenberg Discontinuity (between the mantle and outer core), and 


The three main layers of the Earth's interior are the crust, the 


the Lehman Discontinuity (between the inner and outer core). 
mantle, and the core. 


What are the major seismic discontinuities in the Earth's 


interior? 
1. What are the sources to study the earth's interior? 


Ans. The sources to study the earth's interior include seismic waves, which are generated by 
earthquakes and can provide valuable information about the structure of the earth. Other sources 
include geophysical surveys, such as gravity and magnetic surveys, which help in mapping the 


variations in density and magnetic properties within the earth. 


2. What is the structure of the earth's interior? 


Ans. The earth's interior is divided into several layers. The outermost layer is the crust, which is 
relatively thin and made up of solid rock. Beneath the crust is the mantle, which is much thicker and 
consists of solid rock that can flow slowly under pressure. The core is located at the center of the earth 


and is divided into the outer core, which is liquid, and the inner core, which is solid. 


3. What are seismic discontinuities in the earth's layers? 


Ans. Seismic discontinuities are boundaries within the earth's layers where seismic waves change their 
velocity or direction of travel. These discontinuities provide important clues about the composition 
and density of the materials in the earth's interior. Examples of seismic discontinuities include the 
Mohorovičić discontinuity (Moho), which separates the crust from the mantle, and the core-mantle 


boundary, which separates the mantle from the core. 


4. How do seismic waves help in studying the earth's interior? 


Ans. Seismic waves generated by earthquakes travel through the earth and can be detected and 
recorded by seismographs. By analyzing the properties of seismic waves, such as their speed, direction, 
and how they are refracted or reflected at different layers, scientists can infer the composition, 
density, and temperature variations within the earth's interior. This helps in understanding the 


structure and dynamics of the earth's interior. 


5. What are some frequently asked questions about the physical condition of the 


earth's interior? 


Ans. Some frequently asked questions about the physical condition of the earth's interior include: - 
What is the temperature of the earth's core? - How do scientists determine the thickness of the earth's 
crust? - What causes the movement of the tectonic plates? - Is the earth's mantle completely solid? - 


Can seismic waves travel through the earth's core? 


Introduction 


The Earth's crust is the thinnest and most fundamental 
layer of our planet, serving as home to all living 
organisms that have ever existed. Despite being a 
relatively simple structure, the crust is highly dynamic 
and forms a key part of the Earth's various layers. 
Characterized by its distinct chemical composition, the 
crust can be divided into two main types: oceanic and 
continental. These differences arise due to plate 
tectonics, which involve the movement of plates above 
the asthenosphere. This movement drives lithospheric 
processes that result in natural phenomena such as 
earthquakes and ridges. As one of the Earth's five 
chemical layers, the crust showcases the unique 
chemical properties found at each level. 

In conjunction with the upper mantle, the Earth's crust 
plays a crucial role in the ongoing creation and 
destruction of the surface where all living beings thrive. 
This section will explore various aspects of the crust, 
delving into its origin, structure, and composition, as 
well as shedding light on its continuous evolution up to 


the present day. 


Origin of Earth's Crust 


The Earth's crust is believed to have formed 
approximately 4.5 billion years ago, after the late 
stages of planetary accretion. There are three main 
theories that have been proposed to explain the 
formation of the crust: the inhomogeneous accretion 
model, the impact model, and the terrestrial model. 
The inhomogeneous accretion model suggests that the 
Earth's crust was formed during the accretion of the 
planet, with lighter and volatile elements forming a thin 
layer on the primitive planet, which eventually became 
the crust. However, this model has been criticized for 


not accounting for the presence of non-volatile 


Origin & Evolution of Earth's Crust 


solidification of materials brought to Earth by asteroids 
and other celestial bodies. While this theory could 
potentially explain the composition of the oceanic crust, 
which is primarily composed of basalt, it does not 
account for the fact that many impact events on Earth 
occurred after the oceanic crust had already formed. 
Additionally, the amount of basalt produced by impact 
events is considered too small to have formed the 
crust. 

The terrestrial model is currently the most widely 
accepted explanation for the formation of the Earth's 
crust. This model posits that the crust originated from 
the Earth's internal processes. After the late accretion 
of the Earth, the heat retained by the planet caused the 
upper mantle to melt, creating a magma ocean that 
covered the Earth's surface. As the Earth cooled, the 
magma ocean crystallized, forming a widespread crust. 
Alternatively, the melted upper mantle could have risen 
to the surface and solidified, forming the crust. 

The terrestrial model is considered the most likely 
explanation for the formation of the Earth's crust, as it 
can account for the uniform composition of the crust as 
well as its layered structure. The cooling of the magma 
ocean over time would have resulted in the formation 
of the different layers observed in the Earth's crust 


today. 


What is the most widely accepted explanation for the 


formation of the Earth's crust? 


A. Inhomogeneous Accretion Model 
B. Impact Model 
C. Terrestrial Model 


D. Nebular Hypothesis Theory 


elements, such as uranium and thorium, in the Earth's Nebular Hypothesis Theory 


crust. 


" The impact model proposes that the Earth's crust was e The Nebular Hypothesis Theory was initially proposed by 


formed through the melting and subsequent German philosopher Immanuel Kant and later revised by 


mathematician Laplace in 1776. According to the theory, 
the Sun was encircled by a solar nebula, primarily 
composed of hydrogen and helium, along with dust 
particles. The friction and collision of these particles led 
to the creation of a disk-shaped cloud. Gradually, through 
the process of accretion, planets were formed from the 
material surrounding the young Sun. 

e However, the Nebular Hypothesis Theory faced several 
criticisms. For instance, the theory fails to explain the 
origin of the nebula itself. It also does not account for the 
sources of heat and motion within the nebula. 
Furthermore, the hypothesis suggests that since the 
nebula was gaseous, the planets should also be in a 
gaseous state, which is not the case as planets are solid. 
The transition from a gaseous nebula to solid planets is 
not adequately explained by the theory. 

e In addition, the Nebular Hypothesis Theory predicts that 
all planets and their satellites should rotate in the same 
direction as the rotation of the nebula. However, this is 
not observed in reality, as Venus and Uranus rotate in the 
opposite direction compared to other planets in our solar 


system. 


Planetesimal Hypothesis 


The Planetesimal Hypothesis, proposed by Chamberlain and 
Moulton in 1900, offers an explanation for the origin of Earth 
and the formation of planets. According to this theory, before 
the formation of planets, there was only a sun, which was cold 
at that time. Another sun passed close to our sun, and due to 
their gravitational attraction, a cigar-shaped bulge of material 
was pulled from our sun. This bulge eventually separated from 
the solar surface and formed smaller bodies called 
planetesimals. These planetesimals then came together and 
combined to form larger celestial bodies, which we now know 


as planets. 


However, the Planetesimal Hypothesis has been criticized for 


several reasons: 


e The theory was unable to explain why there are only nine 
planets in our solar system (now recognized as eight, 
with Pluto being reclassified as a dwarf planet). 

° It failed to account for the various sizes of planets in our 
solar system. 

e The distance between the two suns was immense, and it 
is unlikely that the gravitational pull between them would 
have been strong enough to extract such significant 


amounts of material from our sun. 
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The Big Bang Theory 


The Big Bang Theory is a modern scientific explanation that 
seeks to address various questions about the origin and 
evolution of the universe, the solar system, the Earth's crust, 
and the atmosphere. This theory, also known as the expanding 
universe hypothesis, has significantly advanced our 


understanding of the cosmos. 


° According to the Big Bang Theory, all the matter that 
makes up the universe was initially concentrated in a 
single point called the singularity. This point had an 
incredibly small volume, infinite temperature, and infinite 
density. Around 13.7 billion years ago, the singularity 
exploded in a massive event known as the Big Bang. 
Within the first three minutes after the explosion, the 
initial atoms began to form as energy was converted into 
matter. Approximately 300,000 years after the Big Bang, 
the universe became transparent. 

e The formation of stars, as explained by the Big Bang 
Theory, began about 5 billion years ago. In the early 
universe, the distribution of matter and energy was 
uneven. This uneven distribution led to differences in 
density, which in turn created gravitational forces that 
caused matter to come together. The universe is 
composed of a vast number of galaxies, each containing 


a large number of stars. 


A galaxy is a massive collection of stars that formed from 
nebulae, which are clouds of hydrogen and helium gas. The 


formation of planets takes place in several stages: 


e Stage 1: Within the nebula, stars begin as lumps of gas. 
Gravitational forces within these lumps lead to the 
formation of a core, surrounded by a huge rotating disc of 
gas and dust. 

° Stage 2: The matter around the core starts to condense 
into smaller, rounded objects called planetesimals. These 
planetesimals collide with one another, forming larger 
bodies in the process. 

e Stage 3: The smaller terrestrial bodies, or planetesimals, 


continue to combine and form larger planetary bodies. 


In summary, the Big Bang Theory is a crucial modern theory 
that delves into the origin and evolution of the universe, the 
solar system, and the Earth. This theory provides a 
comprehensive explanation for the formation of stars, galaxies, 


and planets, greatly expanding our knowledge of the cosmos. 


Which theory provides a comprehensive explanation for the formation of stars, 


galaxies, and planets in the context of the origin and evolution of the universe? 


A. Nebular Hypothesis Theory B. Planetesimal Hypothesis C. Big 


Bang Theory D. Inhomogeneous Accretion Model 


Evolution of earth 


e The evolution of Earth can be traced back to when it was 
initially a barren, rocky, and hot object with a thin 
atmosphere composed of hydrogen and helium. Over 
time, Earth developed a layered structure, which is not 
uniform, due to the gradual increase in density and 
temperature within the planet. This caused materials to 
separate based on their density, with heavier elements 
like iron sinking towards the center and lighter ones 
moving towards the surface. The formation of the Moon 
further heated the Earth, leading to the development of 
three major layers: the crust, mantle, and core. 

° The atmosphere and hydrosphere of Earth evolved 
through three main stages. In the first stage, primordial 
gases like helium and hydrogen were lost as they were 
blown away by solar winds. In the second stage, the hot 
interior of Earth contributed to the development of the 
atmosphere. As the planet cooled, gases and water 
vapor were released from its interior into the atmosphere, 
leading to a composition consisting mainly of water 
vapor, nitrogen, carbon dioxide, methane, ammonia, and 
very little free oxygen. This process is known as 
degassing. 

e In the third stage, living organisms played a significant 
role in modifying the atmosphere's composition. Through 
the process of photosynthesis, oxygen began to 
accumulate in the atmosphere. Meanwhile, carbon 
dioxide levels decreased as it dissolved in rainwater, 
leading to more condensation and rainfall. 

e The origin of life on Earth is believed to be a result of 
chemical reactions that transformed inorganic materials 
into living organisms. Around 3.8 billion years ago, life 
began to evolve, starting with simple organisms like 


blue-green algae. 


Conclusion 


The Earth's crust, atmosphere, and hydrosphere have 
undergone significant transformations since their formation 
billions of years ago. The terrestrial model, the Big Bang 
Theory, and the evolution of Earth's atmosphere and 


hydrosphere provide insights into the processes that have 
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shaped our planet and its dynamic crust. From the formation of 
stars, galaxies, and planets to the emergence of life, these 
theories have greatly expanded our understanding of the 
cosmos, the origins of Earth, and the complex interactions 


between its various layers and components. 


What are the two main types of Earth's 


crust? 


The Earth's crust can be divided into two main types: oceanic and 
continental. These differences arise due to plate tectonics, which 


involve the movement of plates above the asthenosphere. 


What is the most widely accepted 
explanation for the formation of the 


Earth's crust? 


The terrestrial model is currently the most widely accepted 
explanation for the formation of the Earth's crust. This model posits 
that the crust originated from the Earth's internal processes, 


involving the melting and solidification of the upper mantle. 


What are the main criticisms of the 


Nebular Hypothesis Theory? 


The Nebular Hypothesis Theory faces several criticisms, including 
its inability to explain the origin of the nebula itself, the sources of 
heat and motion within the nebula, and the transition from a 
gaseous nebula to solid planets. It also does not account for the 
opposite rotation of Venus and Uranus compared to other planets in 


our solar system. 


How does the Big Bang Theory contribute 
to our understanding of the formation of 


the Earth and its crust? 


The Big Bang Theory provides a comprehensive explanation for the 
formation of stars, galaxies, and planets, greatly expanding our 
knowledge of the cosmos. This theory delves into the origin and 
evolution of the universe, the solar system, and the Earth, shedding 


light on the processes that led to the formation of the Earth's crust. 


How did life on Earth influence the 


evolution of the atmosphere? 


Living organisms, particularly through the process of 
photosynthesis, played a significant role in modifying the 
atmosphere's composition. Oxygen began to accumulate in the 
atmosphere, while carbon dioxide levels decreased as it dissolved in 
rainwater. This led to more condensation and rainfall, further 


shaping the Earth's atmosphere and hydrosphere. 


1. What is the origin of Earth's crust? 


Ans. The Earth's crust is believed to have originated from the cooling and solidification of molten rock 


called magma. This process occurred about 4.6 billion years ago during the formation of the Earth. 


2. What is the Nebular Hypothesis theory? 


Ans. The Nebular Hypothesis theory suggests that the formation of the solar system, including the 


Earth's crust, occurred from a giant rotating cloud of gas and dust known as the solar nebula. This 


cloud collapsed under its own gravitational force, causing it to flatten into a spinning disk. The central 


region of this disk eventually formed the Sun, while the outer regions formed the planets, including the 


Earth. 


3. How does the Big Bang Theory relate to the origin of Earth's crust? 


Ans. The Big Bang Theory explains the origin of the universe itself, not specifically the Earth's crust. 


According to this theory, the universe began as a singularity, an infinitely hot and dense point, 


approximately 13.8 billion years ago. It then expanded rapidly and continues to expand to this day. The 


formation of the Earth's crust occurred much later, through processes such as accretion and 


differentiation. 


4. What is accretion in the context of the origin of Earth's crust? 


Ans. Accretion refers to the process by which small particles, such as dust and debris, come together to 


form larger objects. In the context of the Earth's crust, accretion involved the collision and sticking 


together of these particles, forming planetesimals. Over time, these planetesimals collided and merged 


to form the proto-Earth, which eventually differentiated into its core, mantle, and crust. 


5. How does the origin and evolution of Earth's crust relate to the UPSC exam? 


Ans. The origin and evolution of Earth's crust is a topic of importance in the UPSC exam, particularly in 


the Geology and Geography sections. Understanding the formation and composition of the Earth's 


crust is crucial for comprehending various geological processes, plate tectonics, and the distribution of 


natural resources. It is important for candidates to have a solid understanding of these concepts to 


perform well in the exam. 


Fundamentals of Geomagnetism 


Introduction 


Geomagnetism is a relatively recent field of study in 
geomorphology that has significantly expanded our 
understanding of geological processes and the Earth's interior. 
This area of study is attributed to William Gilbert and focuses on 
the dynamics of the Earth's magnetic field, which originates in 


the outer core. 


The Earth's magnetic field primarily acts as a geo-axial 
dipole, with its north and south magnetic poles located 
near the geographic poles. Throughout the Earth's 
geological history, its magnetic field has shifted and 
reversed, typically at a slow rate of around 9 km per year. 
However, since the beginning of the 21st century, this 
speed has accelerated to 50 km per year. 

The Earth functions as a dipole magnet, with its 


geomagnetic south pole near the Earth's geographic 


north and vice versa. The magnetosphere, the region 
where the Earth's magnetic field can be detected, 
extends around 60,000 km above the Earth's surface. 
This magnetic field reaches up to 3,200 km away from 
the Earth's surface, helping to deflect solar wind and 
protect the planet from potential catastrophes. 

e The Earth's magnetic field serves as a shield against 
solar flares and harmful gamma rays from the sun. 
Interestingly, there have been periods in the Earth's 
geological past when its magnetic field disappeared, and 
these periods often coincide with major extinction events 


on the planet. 


In summary, geomagnetism is a vital area of study that investigates 
the Earth's magnetic field and its impacts on the planet's geological 
processes and protection from cosmic threats. The field has 
contributed greatly to our understanding of the Earth's interior and 
the dynamics of its magnetic field, which is crucial for the planet's 


safety and preservation. 


Earth's Magnetic Field 


Magnetic Poles & 


Geomagnetic Poles 


Magnetic Poles and Geomagnetic Poles are two terms used to 


describe different aspects of Earth's magnetic field. 


° A magnet's North pole is the pole that is attracted to 
Earth's North Magnetic Pole when allowed to rotate 
freely. Since opposite poles attract each other, Earth's 
North Magnetic Pole is actually the south pole of its own 
magnetic field. Earth's magnetic field, which resembles a 
simple bar magnet's north-south field, is typically closely 
aligned with its rotational axis. 

e This means that the magnetic poles are usually quite 
close to the geographic poles (the poles through which 
Earth's axis passes), which is why compasses work 


effectively. 
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However, the magnetic field's dipole component reverses 
every few thousand years, causing the locations of the 
north and south magnetic poles to switch. Currently, 
Earth's magnetic North Pole is rapidly moving from the 


Canadian Arctic towards Russia. 


The Earth’s Magnetic Field 


Earth's Magnetic Field 


On the other hand, Geomagnetic Poles refer to the 
points where Earth's surface intersects with the axis of 
a hypothetical bar magnet placed at Earth's center. 
There is one such pole in each hemisphere, known as 
the "geomagnetic north pole" and the "geomagnetic 
south pole." 

The geomagnetic dipole is currently tilted at an angle 
of about 11 degrees to Earth's rotational axis. The 
magnetic poles, however, are the points where 
magnetic needles become vertical. 

The difference in positions between the magnetic poles 
and geomagnetic poles is due to Earth's uneven and 


complex magnetic field distribution. 
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Geomagnetic poles are antipodal points where the axis 
of a best-fitting dipole intersects Earth's surface. 

This theoretical dipole is akin to a powerful bar magnet 
at Earth's center and provides the most accurate model 


for describing the magnetic field observed on Earth's 


surface. In contrast, Earth's actual magnetic poles are 
not antipodal, meaning the line connecting them does 


not pass through Earth's center. 
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What is the difference between Magnetic Poles and 


Geomagnetic Poles? 


A. Magnetic Poles are fixed points, while Geomagnetic 
Poles change position over time. 

B. Magnetic Poles are antipodal points, while 
Geomagnetic Poles are not. 

C. Geomagnetic Poles are points where a hypothetical 
bar magnet intersects Earth's surface, while Magnetic 
Poles are points where magnetic needles become 
vertical. 

D. Geomagnetic Poles are related to Earth's rotation, 
while Magnetic Poles are related to Earth's magnetic 


field. 


Geomagnetic Reversal 


A geomagnetic reversal refers to a change in the Earth's 
magnetic field where the positions of magnetic north and 
magnetic south switch places. This phenomenon has been 
studied through paleomagnetism, which examines the 
magnetism in rocks formed under the influence of Earth's 
magnetic field at the time of their creation. Over the past 20 
million years, it has been observed that the magnetic north and 
south poles have flipped approximately every 200,000 to 
300,000 years. 


However, the reversal process is not as regular as the 
sun's magnetic field, which reverses every 11 years. On 
Earth, the time between magnetic reversals can range 
from as short as 10,000 years to as long as 25 million 
years, and the reversal process itself can take anywhere 
from a few hundred to a few thousand years. Throughout 
the reversal, the magnetic poles emerge at unusual 
latitudes. 

The Earth's magnetic field has experienced periods of 
normal polarity, where the predominant direction is the 
same as it is today, and reverse polarity, where the 
direction is opposite. The North and South Magnetic 
Poles shift due to changes in the Earth's magnetic field, 
and their locations are not fixed. Currently, the North 
Magnetic Pole is located in northern Canada and is 
rapidly drifting towards Siberia, while the South Magnetic 
Pole is positioned off the coast of Antarctica. 

Scientists estimate that the North Magnetic Pole moves 
about 10 kilometers per year, but recently, its speed has 
increased to around 50 kilometers per year, potentially 
reaching Siberia within a few decades. Since the Earth's 
magnetic field is not perfectly symmetrical, the North and 
South Magnetic Poles do not have antipodal positions, 
meaning a straight line drawn between them does not 
pass through the Earth's center. 

The Earth's North and South Magnetic Poles are also 
referred to as Magnetic Dip Poles due to the vertical "dip" 
of the magnetic field lines at these points. For example, if 
a magnetic compass needle is freely suspended at the 
magnetic poles, it will point straight down at the North 
Magnetic Pole (the south pole of Earth's magnetic field) 
and straight up at the South Magnetic Pole (the north 


pole of Earth's magnetic field). 


Sunspot Theory 


The Sunspot Theory suggests that the Sun, being a 
massive magnet, can have a significant impact on Earth's 
magnetic field during periods of increased sunspot 
activity. When the Sun's magnetic field is waxing or 
becoming stronger, the solar wind can penetrate Earth's 
magnetic shield and interact with the planet's magnetic 
field, provided that Earth's magnetism is in a waning or 
weakening phase. In this way, Earth can potentially 
acquire the Sun's magnetic polarity. 

Furthermore, collisions with meteorites or comets can 
cause a reversal of Earth's magnetic poles. When these 


impacts occur, the Earth's magnetic field can become 


temporarily disrupted and lose its magnetism. As the 
magnetism re-establishes, the magnetic poles may 
reverse. This process suggests that external factors, 
such as solar activity and celestial collisions, can play a 


significant role in the behavior of Earth's magnetic field. 


Magnetic Declination 


e Magnetic Declination, also known as the horizontal 
component, refers to the angle on the horizontal plane 
between magnetic North and geographic (true) North. By 
convention, the declination is considered positive when 
magnetic North is east of true North, and negative when 
it is to the west. Currently, the magnetic North Pole is 
slightly west of the geographic North Pole, while the 
magnetic South Pole is slightly east of the geographic 
South Pole. This is due to the molten, iron-rich core of 
the Earth, which spins like a dynamo and causes a 
gradual westward drift of the geomagnetic field, resulting 
in ever-changing magnetic declination throughout Earth's 
geological history. Magnetic declination can be measured 
using a magnetic compass. 

e Magnetic Inclination, also known as Dip Angle or 
Magnetic Dip, is the vertical component of 
geomagnetism. It is defined as the angular inclination 
between a freely suspended magnetic needle and the 
Earth's horizontal surface. The magnetic dip occurs due 
to a magnet's tendency to align itself with the line of 
force. As latitude increases, the dip angle also increases, 
reaching 90 degrees at the magnetic poles and 0 
degrees at the magnetic equator. The inclination can be 
measured using a dip needle. 

° The Magnetic Equator is the line or locus of points where 
the dip angle is zero, meaning the magnetic force is 


perfectly horizontal at these locations. 


Theories about origin of 


earth’s magnetism 


There are several theories about the origin of Earth's 


magnetism: 


1. Gilbert Theory: Sir Gilbert first discovered Earth's 
magnetism in the 1600s. He believed that a bar magnet 
inside the Earth's interior was responsible for the 
magnetism. However, this theory is not widely accepted, 


as it cannot explain how the bar magnet's magnetism 
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could sustain itself in the high temperatures and molten 
rocks of the Earth's interior. It also cannot explain the 
periodic reversal of Earth's magnetic polarity without 
assuming the rotation of the magnet itself, which is 
improbable. 

Rock Magnetism: Another theory suggests that Earth's 
magnetism is due to rock magnetism. While rock 
magnetism does exist, it is not considered the primary 
cause of Earth's geomagnetism, as randomly created 
magnetic rocks cannot explain the specific orientation of 
Earth's magnetic field. Additionally, the high temperatures 
of the Earth's interior should have destroyed any 
magnetism, as no magnetism can maintain itself in such 
extreme heat and molten fluid state. 

Dynamo Theory: In 1939, Walter Alsec proposed the 
Dynamo theory, which states that Earth's magnetism may 
be the result of the unique structure of Earth's core. The 
core consists of an iron-rich solid inner core, which is 
magnetic, and an outer core that is hot and fluid, with free 
electrons in a near plasma state. Due to Earth's rotation, 
the outer core and its free electrons also rotate around 
the inner core, creating electricity. This arrangement is 
called a solenoid. The solenoid generates a magnetic 
field, which in turn induces a strong electric field, further 
strengthening the magnetic field. This self-exciting 
dynamo mechanism is the most widely accepted 
explanation for Earth's magnetism. However, it is still 
unable to explain the fluctuation in the magnetic field and 
reversal of polarity. Even though Earth's rotation has 
been smooth and consistent throughout its geological 


history, the Earth's spin has never reversed. 


Dynamo Theory 


What is the primary cause of Earth's magnetism according to the most widely 


accepted theory? A. A large bar magnet inside the Earth B. Rock 


magnetism C. Dynamo Theory D. The Sun's magnetic field 


Conclusion 


Geomagnetism is a crucial field of study that enhances our 
understanding of Earth's magnetic field and its role in geological 
processes and protection from cosmic threats. The Earth's 
magnetic field, which primarily functions as a geo-axial dipole, 
has experienced shifts and reversals throughout its history, 
impacting the planet's magnetic poles and geomagnetic poles. 
The widely accepted Dynamo Theory attributes the origin of 
Earth's magnetism to the unique structure and behavior of the 
planet's core. Studying Earth's magnetic field and its 
fluctuations can provide valuable insights into the dynamics of 
the planet's interior and help predict future changes that may 


affect the planet's safety and preservation. 


What is geomagnetism, and why is it 
important? 


Geomagnetism is the study of Earth's magnetic field and its impacts 
on the planet's geological processes and protection from cosmic 
threats. It is crucial for understanding the Earth's interior, the 
dynamics of its magnetic field, and the protection it provides from 


solar flares and harmful gamma rays. 


What is the difference between Magnetic 


Poles and Geomagnetic Poles? 


Magnetic Poles refer to the points on Earth's surface where the 
magnetic field lines are vertical, near the geographic poles. 


Geomagnetic Poles, on the other hand, are the points where Earth's 


1. What are magnetic poles and geomagnetic poles? 
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surface intersects with the axis of a hypothetical bar magnet placed 
at Earth's center. The magnetic poles are subject to change and 
movement, while the geomagnetic poles are more stable and 


theoretical in nature. 


What is a geomagnetic reversal, and how 


often does it occur? 


A geomagnetic reversal is a change in Earth's magnetic field where 
the positions of magnetic north and magnetic south switch places. 
Over the past 20 million years, the magnetic north and south poles 
have flipped approximately every 200,000 to 300,000 years. 
However, the reversal process is not regular, and the time between 
reversals can range from as short as 10,000 years to as long as 25 


million years. 


What is the Dynamo Theory, and how 


does it explain Earth's magnetism? 


The Dynamo Theory suggests that Earth's magnetism is a result of 
the unique structure of Earth's core, which consists of an iron-rich 
solid inner core and a hot, fluid outer core with free electrons. Due to 
Earth's rotation, the outer core and its free electrons also rotate 
around the inner core, creating electricity and generating a magnetic 
field. This self-exciting dynamo mechanism is the most widely 


accepted explanation for Earth's magnetism. 


What is magnetic declination, and how is 


it measured? 


Magnetic declination is the angle on the horizontal plane between 
magnetic North and geographic (true) North. It is considered positive 
when magnetic North is east of true North and negative when it is to 
the west. Magnetic declination can be measured using a magnetic 
compass and is crucial for navigation, as it allows for the correction 
of compass readings to account for the difference between magnetic 


and true North. 


Ans. Magnetic poles are the regions on a magnet where the magnetic field lines converge or diverge. 


There are two types of magnetic poles: the north pole and the south pole. Geomagnetic poles, on the 


other hand, refer to the locations on the Earth's surface where the magnetic field lines are perfectly 


vertical. 


2. What is geomagnetic reversal? 


Ans. Geomagnetic reversal, also known as magnetic polarity reversal, is the process in which the 


Earth's magnetic field flips, resulting in the north and south magnetic poles switching places. This 


phenomenon has occurred numerous times throughout Earth's history and is recorded in rocks and 


sediments as magnetic stripes. 
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3. What are some theories about the origin of Earth's magnetism? 


Ans. There are several theories proposed to explain the origin of Earth's magnetism. One theory 


suggests that it is generated by the movement of molten iron in the outer core of the Earth. Another 


theory proposes that it is a result of the magnetization of minerals in the Earth's crust. Additionally, 


some scientists believe that the Earth's magnetic field is influenced by the interaction between the 


solar wind and the Earth's magnetosphere. 


4. How does geomagnetism impact our daily lives? 


Ans. Geomagnetism has various impacts on our daily lives. It plays a crucial role in navigation, as 


compasses rely on the Earth's magnetic field to determine direction. Geomagnetic storms caused by 


solar activity can disrupt satellite communications, power grids, and GPS systems. Additionally, some 


animals, such as birds and turtles, use geomagnetism for navigation during migration. 


5. How do scientists study geomagnetism? 


Ans. Scientists study geomagnetism through various methods. They use magnetometers to measure 


the strength and direction of the Earth's magnetic field. By analyzing rocks and sediments, they can 


reconstruct the Earth's magnetic field history and study geomagnetic reversals. Satellites equipped 


with magnetometers also provide valuable data about the Earth's magnetic field and its variations. 


Geosynclines 


Introduction to Geosynclines 


Geosynclines refer to expansive, elongated areas of shallow 
water bodies that are surrounded by more stable landmasses. 
These areas receive massive deposits of sediment from their 
surrounding regions. They are typically characterized as long, 
narrow ocean basins that have experienced continuous 


sediment deposition and subsidence over extended periods. 


These sediment deposits within geosynclines eventually 
become uplifted and folded, leading to the formation of folded 
mountain ranges. As a result, it is often said that such 
mountains originate from geosynclines. Examples of 
geosynclines in geological history include the Tethys Sea in 
Asia, the Appalachian geosynclines in North America, and the 


Caledonian geosynclines in Great Britain. 


Concept of Geosyncline Theory 


and Its Development 


The concept of geosynclines was first introduced by James Hall 
and James Dwight Dana and later expanded upon by Emile 
Haug. Hall's research on the stratigraphy and structure of the 
northern Appalachians led him to discover that folded Paleozoic 
sediments in mountain ranges were shallow-water marine 
types, with a thickness of 12 kilometers. This thickness was ten 
to twenty times greater compared to unfolded rock strata of 


corresponding ages found in the interior lowlands to the west. 


° Hall's findings suggested that the deposition of massive 
sequences of shale, sandstone, and limestone indicated 
that the underlying floor of older rocks had subsided by a 
similar amount. Mountain formation was preceded by 
extended periods of down-warping, during which 


sediment accumulation balanced the subsidence of the 


crust. Dana (1873) termed such troughs as "geosynclinal 
troughs,” which later became known as "geosynclines." 

° H. Stille developed an important classification of 
geosynclines, dividing the earth's crust into two primary 
divisions: Cratons and Ortho-geosynclines. Cratons are 
further divided into hochkraton (stable continental crust) 
and fiefkraton (stable oceanic crust). Ortho-geosynclines 
are subdivided into miogeosynclines and eugeosynclines, 
with eugeosynclines characterized by intermittent 
volcanic activity during sedimentation and 
miogeosynclines having low volcanic activity. 

e E. Haug defined geosynclines as deepwater regions with 
considerable length but relatively narrow width. He 
created paleogeographical maps of the world to 
demonstrate that present-day fold mountains originated 
from the massive geosynclines of the past. Haug 
identified five major landmasses from the Mesozoic Era 
and four geosynclines located between these rigid 
masses. 

e According to Haug, the transgressional and regressional 
phases of seas directly impact the littoral margins of 
geosynclines. Evans further explained that geosynclines 
could be found between two landmasses, in front of a 
mountain or plateau, along continental margins, or in 


front of a river mouth. 


Geosynclinal Orogen Theory of Kober 


e The renowned German geologist Kober provided a 
comprehensive and systematic analysis of the Earth's 
surface features in his book, 'Der Bau der Erde.' His 
primary goal was to establish a connection between 
ancient, rigid landmasses or tablelands and more mobile 
areas or geosynclines, which he referred to as orogen. 

e Kober aimed to explain not only the origins of mountains 
using his geosynclinal theory but also to delve into 
various aspects of mountain formation, such as their 
creation, geological history, evolution, and development. 
He viewed the old, rigid landmasses as the foundational 
building blocks for today's continents, asserting that 
modern continents have evolved from these rigid 
structures. He described the process of mountain 
building, or orogenesis, as the mechanism connecting 
rigid landmasses with geosynclines. In other words, 
mountains are created from geosynclines as a result of 
the influence of rigid landmasses. 

e Kober's geosynclinal theory is founded on the idea that 


the Earth's contraction forces, caused by cooling, play a 
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significant role in its history. As J.A. Steers stated in 
1932, "Kober is definitely a constructionist, with 
contraction providing the motive force for the 
compressive stress." This means that the contraction 
forces generated by the Earth's cooling lead to horizontal 
movements of rigid landmasses or forelands, which in 
turn compress, buckle, and fold sediments to form 


mountain ranges. 


Base of the Geosynclinal Orogen Theory 


Kober proposed that in the past, there were mobile water zones 
in locations where mountains currently exist. He referred to 
these mobile water zones as geosynclines or orogens, which 
are areas where mountain formation occurs. Kober also 
identified rigid land masses surrounding these geosynclines, 


which he called kratogens. 


Some examples of these old rigid masses include the Canadian 
Shield, Baltic Shield or Russian Massif, Siberian Shield, 
Chinese Massif, Peninsular India, African Shield, Brazilian 
Mass, and the rigid masses of Australia and Antarctica. Kober 
also suggested that the mid-Pacific geosyncline separated 
northern and southern landmasses, which later sank to form the 


Pacific Ocean. 


During the Mesozoic era, Kober identified eight distinct 
morphotectonic units based on the earth's surface features. 


These units include: 


1. Africa, along with parts of the Atlantic and 
Indian Oceans 

2. The combined landmass of India and 

Australia 

Eurasia 

North Pacific continents 


South Pacific continents 
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South America and Antarctica 


Kober recognized six major periods of mountain formation 
throughout Earth's history. Three of these periods occurred 
during the pre-Cambrian period, though little is known about 
them. The Palaeozoic era saw two significant mountain-building 
periods: the Caledonian orogenesis, which ended during the 
Silurian period, and the Variscan orogeny, which culminated in 
the Permo-Carboniferous period. The final (6th) 
mountain-building event, the Alpine orogeny, was completed 


during the Tertiary epoch. 


Kober believed that mountains were formed from geosynclines. He 
described geosynclines as long, wide water areas characterized by 


sedimentation and subsidence, which are the locations where 
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mountain formation (or orogenesis) occurs. J.A. Steers (1932) folded, forming mountain ranges. This occurs due to 


stated that Kober's ideas combined the older geosynclinal the convergence of forelands towards each other 


hypothesis by Hall and Dana (later developed by Haug) with his own EER . 
which is caused by the Earth's contraction. The 
views on orogenesis. 


immense pressure generated by the moving forelands 


results in the contraction, squeezing, and folding of the 


What are ne three stages:ór phases OF the sediments that have accumulated in the geosynclines. 


mountain-building process? 


Marginal Range Median Marginal Range 


A. Lithogenesis, Orogenesis, Gliptogenesis 
son i ompression 

B. Sedimentation, Compression, Erosion Compression Comp) 

C. Deposition, Folding, Uplift — 


D. Subsidence, Convergence, Metamorphism The stage of orogenesis: squeezing and fold- 


ing of geosynclinal sediments due to 

compressive forces; the whole of geosyndinal 

sediments are folded when the compressive 

forces coming from the sides of geosyncline is 
° enormous and acute. 


Phases of the Mountain e Orogenesis 


e  Gliptogenesis: The final stage of mountain building, 
B H Id H gliptogenesis, involves the gradual rise of mountain 
uilding 
ranges and the ongoing erosion processes by natural 
There are three different stages or phases of the agents, such as wind, water, and ice. This stage 
mountain-building process. highlights the continuous evolution of the mountains as 


they are subjected to various geological processes. 
e Lithogenesis: Lithogenesis is the initial stage of 


mountain formation, characterized by the creation, 


Folded Ranges 


sedimentation, and subsidence of geosynclines. 
Geosynclines form as a result of the Earth's cooling 
process, which leads to contraction. The surrounding 
stable areas, or forelands, experience erosion, causing 
rocks and boulders to wear away and be deposited into 


the geosynclines. As more sediment accumulates, the 


geosynclines continue to subside, leading to an 


increased thickness of sediments. Folding of marginal sediments into marginal 
ranges and formation of median mass when 
the compressive forces are moderate. 


Gliptogenesis 


Sea Level 


Types of Geosynclines 


Sedimentation f , 
There are seven types of geosynclines as follows:Geosynclines 


are elongated depressions in the Earth's crust that accumulate 


Subsidence of Floor 
large amounts of sediments and volcanic rocks. These basins 

The stage of lithogenesis: creation of eventually undergo deformation, leading to the formation of 

geosyncline followed by sedimentation and _ fold-mountain chains. There are seven types of geosynclines, 


subsidence. each with unique features and formation processes: 


Lithogenesis 
1. | Ortho-geosynclines: These are elongated basins that 


e  Orogenesis: Orogenesis is the stage in which the fill up with a significant thickness of sediments before 


sediments in the geosynclines are compressed and 
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undergoing deformation, resulting in the formation of a e 
fold-mountain chain. 

2. |Eugeosynclines: These geosynclines contain large 
amounts of sediments and volcanic rocks and are 
typically situated away from shield areas or stable 
regions of the Earth's crust, known as Kratons. 

3. | Miogeosynclines: Forming adjacent to Kratons, these 
geosynclines have a thinner layer of sediments and lack 
volcanic rocks. e 

4. Taphrogeosynclines: These elongated depressions 
result from faulting in the Earth's crust and are also called 
‘graben’ or 'rift-valleys.' 

5. |Parageosynclines: These geosynclines are located 
within the Kraton itself. 

6. Zeugo-geosynclines: These are parageosynclines that 
have marginal uplifts, or areas of the crust that have risen 
relative to their surroundings. ° 

7. Auto-geosynclines: Unlike zeugo-geosynclines, these 


are parageosynclines that do not have marginal uplifts. 


Most mountain-building events, or orogenies, occur at the sites 
of geosynclines. The resulting mountains typically consist of 
sediments and volcanic rocks that have been deformed and 
metamorphosed to varying extents, depending on their position 


and depth within the orogenic belt. 


The Modern Concept of 


Geosyncline g 


The concept of geosynclines has evolved significantly with the 
introduction of Plate Tectonic Theory. Active margins refer to 
continental margins situated along plate boundaries where 
subduction, collision, or transform fault motion occurs. Passive 
margins, on the other hand, are continental margins that move 


away from a spreading axis. 


An example of a passive margin can be found on the 
east coast of North America, where sediment deposits 
accumulate as the continent moves away from the 
spreading axis. As the lithosphere cools and becomes 
denser, the ocean floor deepens off the passive margin, 
and sediments continue to be deposited. This thick 
sediment accumulation along the border of a passive 
margin is called a geosyncline. 

Research conducted during the latter half of the 20th 
century has shown that a geosyncline is a thick, rapidly 
accumulating body parallel to the continent. The 
traditional idea of a geosyncline as an intra-cratonic 
trough bordered by mountains providing sediments is no 
longer considered accurate. Instead, sediment 
accumulation can occur on the continental shelf and 
slope or in a trough or trench. 

The term "geocline" is now used because the structure of 
a geosyncline is not a two-sided trough, but rather, it is 
more open towards the ocean. Geoclines of passive 
continental margins can be classified into two types: 
miogeoclines, which are wedges of shallow-water 
sediments of marine origin that make up the continental 
shelves; and eugeoclines, which are wedges of deep-sea 
sediment deposited at the base of the continental slope 
and located on oceanic crust. Both types of geoclines are 
formed by the accumulation of sediments as the 
lithosphere slowly subsides. 

In the Gulf of Mexico, miogeocline sediments can reach a 
thickness of 20 km at the outer edge of the continental 
shelf. Eugeocline sediments can be found on the oceanic 
crust above an oceanic volcano. The continuous 
accumulation of sediments in miogeoclines for about 200 
million years has been enabled by the sinking of the crust 
due to sediment loading. Miogeocline areas are 
economically significant due to the presence of mineral 


oil. 
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The world distribution of young fold mountains, active volcanoes and earthquake zones. 


Fold mountain locations 


What is the primary difference between miogeoclines and 


eugeoclines? 


A. Miogeoclines have a thinner layer of sediments and 
lack volcanic rocks, while eugeoclines contain large 
amounts of sediments and volcanic rocks. 

B. Miogeoclines are formed in deep-sea trenches, 
while eugeoclines are formed on continental shelves. 
C. Miogeoclines are situated away from shield areas, 
while eugeoclines are formed adjacent to Kratons. 

D. Miogeoclines are found on oceanic crust, while 


eugeoclines are found on continental crust. 


Conclusion 


Geosynclines are elongated depressions in the Earth's crust 
that accumulate large amounts of sediments and volcanic 
rocks, eventually leading to the formation of fold-mountain 
chains. The concept of geosynclines has evolved over time, 
with the introduction of Plate Tectonic Theory further refining 
our understanding of their formation and classification. 
Geoclines, which include miogeoclines and eugeoclines, are 
now understood as thick sediment accumulations along passive 
continental margins that play a significant role in the geological 


history of the Earth and the formation of mountain ranges. 


What is a geosyncline? 


A geosyncline is an expansive, elongated area of shallow water 
bodies that receive massive deposits of sediment from their 
surrounding regions. They are characterized as long, narrow ocean 
basins that have experienced continuous sediment deposition and 


subsidence over extended periods. 


How do geosynclines contribute to the 


formation of mountain ranges? 


Sediment deposits within geosynclines eventually become uplifted 
and folded, leading to the formation of folded mountain ranges. As a 
result, it is often said that such mountains originate from 


geosynclines. 


Who first introduced the concept of 


geosynclines? 


The concept of geosynclines was first introduced by James Hall and 


James Dwight Dana, and later expanded upon by Emile Haug. 


What are the three stages of the 


mountain-building process? 


The three stages of the mountain-building process are lithogenesis 
(creation, sedimentation, and subsidence of geosynclines), 
orogenesis (compression and folding of sediments in geosynclines, 
forming mountain ranges), and gliptogenesis (gradual rise of 


mountain ranges and ongoing erosion processes). 


How has the concept of geosynclines 
evolved with the introduction of Plate 


Tectonic Theory? 


The concept of geosynclines has evolved significantly with the 
introduction of Plate Tectonic Theory, which has led to the 
understanding of active and passive continental margins. This has 
changed the view of geosynclines as intra-cratonic troughs bordered 
by mountains providing sediments to a more open structure, with 
thick sediment accumulation occurring on the continental shelf and 


slope or in a trough or trench. 
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1. What is a geosyncline? 


A geosyncline is a trough-like depression in the Earth's crust that forms due to the accumulation of 
sedimentary rocks over millions of years. It is often associated with the formation of mountain ranges 


and is characterized by the presence of thick sedimentary deposits. 


2. What is the geosyncline theory and how did it develop? 


The geosyncline theory, also known as the geosynclinal theory, is an early geological concept that 
explains the formation of mountain ranges through the gradual accumulation and subsequent folding 
and uplifting of sedimentary rocks in geosynclines. It was first proposed by James Hall in the 19th 


century and further developed by geologists such as James Dana and Charles Schuchert. 


3. What are the phases of mountain building in geosynclines? 


The phases of mountain building in geosynclines typically involve three stages: the geosynclinal stage, 
the eugeosynclinal stage, and the miogeosynclinal stage. During the geosynclinal stage, sediments 
accumulate in the geosyncline. In the eugeosynclinal stage, intense folding, faulting, and volcanic 
activity occur, leading to the formation of a mountain range. Finally, in the miogeosynclinal stage, 


erosion and sedimentation processes dominate, causing the gradual subsidence of the mountain range. 


4. What are the types of geosynclines? 


There are two main types of geosynclines: oceanic geosynclines and continental geosynclines. Oceanic 
geosynclines occur in ocean basins and are associated with the formation of island arcs and volcanic 
mountain ranges. Continental geosynclines, on the other hand, occur on continental margins and are 


characterized by the accumulation of thick sedimentary sequences. 


5. What is the modern concept of geosyncline? 


The modern concept of geosyncline has evolved from the original geosyncline theory and is now 
understood in the context of plate tectonics. Geosynclines are seen as areas of crustal subsidence 
where sedimentary rocks accumulate, often in association with subduction zones or continental 
collisions. They are considered as dynamic features that play a role in the formation of mountain 


ranges and the overall evolution of the Earth's crust. 


Continental Drift 


Introduction - Continental Drift 


Alfred Wegener, a multifaceted German scientist with expertise 
in meteorology, polar exploration, astronomy, and geology, is 
widely regarded as the father of the continental drift theory. In 
1912, during a lecture, Wegener introduced his groundbreaking 
concept of 'continental drift," which significantly changed our 


understanding of the Earth's geological processes. 


Continental Drift Theory (Alfred Wegener) 


The Continental Drift Theory was proposed by Alfred Wegener, 
who suggested that all of Earth's land was once combined into 
a single supercontinent, which he called "Pangaea" (meaning 
"all Earth"), surrounded by an enormous ocean named 
"Panthalassa" (meaning "all ocean"). According to Wegener's 
theory, this massive landmass began breaking apart 


approximately 200 million years ago, with the pieces gradually 


moving to their current positions and continuing to shift even 


today. 


Wegener became interested in this idea due to several 


intriguing questions he had: 


1. | How could tropical ferns have grown in locations such 
as London, Paris, Bonn, and even Greenland? 

2. | Why are coal belts found in the extremely cold tundra 
regions? 

3. | How can evidence of glaciers be found in tropical 
areas like Brazil, the Indian Peninsula, Australia, and 


the Congo Basin? 


Considering these points, Wegener came up with two 


possible explanations: 


e The climate zones may have shifted from one region to 
another, while the continents remained stationary. 
e The climate zones stayed in place, but the continents 


moved. 


Since climate zones are determined by factors such as the 
Earth's tilt and the sun's position, it seemed unlikely that they 
would shift. Therefore, Wegener concluded that the more 
plausible explanation was that the continents had changed their 


positions over time. 


What were the two primary directions of continental drift, 
according to Alfred Wegener's theory? A. Northward and 
Eastward B. Southward and Westward C. Towards the Equator and 


Westward D. Towards the Equator and Eastward 


The Direction of Drift 


The theory of continental drift, proposed by Alfred Wegener, 
suggests that the continents have moved in two primary 


directions: 


e Towards the Equator: Wegener attributed the 
equatorward drift to the Earth's rotation and equatorial 
bulge, as well as the gravitational pull of the moon and 
the sun. This drift pushed Africa and Eurasia closer 
together, raising the Tethys Sea deposits between them 
into the folded mountains of the Alps, Atlas, Tien Shan, 
Zagros, Hindukush, and the Himalayas. Additionally, the 
Indian and African peninsulas separated from Australia 


and Antarctica. 
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° Towards the West: The westward drift caused North 
America and South America to separate from Europe and 


Africa, resulting in the formation of the Atlantic Ocean. 


Evidence supporting the Continental Drift Theory includes: 


e Jigsaw Fit: The shapes of the continents, especially the 
coastlines of Africa and South America, fit together like 


pieces of a puzzle, indicating that they were once joined. 


e Geological Structure: The geological structures on the 
continents’ coastlines show remarkable similarities, 
suggesting they were once connected. For example, the 
Appalachian Mountains in North America align with the 
old Hercynian Mountains in Ireland, Wales, and central 


Europe. 


America 


Geological Structure 


° Permo-Carboniferous Glaciations: Evidence of ancient 
glaciations is found in Brazil, Falkland Islands, South 
Africa, the Indian Peninsula, and Australia. This suggests 
that these landmasses were once joined, as it is difficult 
to explain these glaciations based on the current 
distribution of land and water. 

° Fossil Remains: Similar fossil remains of terrestrial 
animals are found on both sides of the Atlantic, 
suggesting that the continents were once connected. It 
would have been impossible for these animals to swim 
across the Atlantic Ocean. 

° Paleoclimatic Evidence: Coal deposits have been 
discovered in temperate and polar regions, even though 
coal is formed in tropical regions. This indicates that the 
continents have shifted over time. 

e Biological Evidence: Some animal species, such as the 
lemming, display migratory patterns that suggest the 
continents were once joined. Lemmings migrate 
westward across North America and fall into the Atlantic 
Ocean, possibly following an ancient route that 


connected North America and Europe. 


Criticism of Continental Drift 


Theory 


The continental drift theory, while quite persuasive, also faced 
significant criticism and controversy, largely due to the 
speculative nature of some aspects of the theory and 
insufficient supporting evidence. The most contentious part of 


this theory was the proposed forces that caused the drift. 


° Experts argued that if the gravitational forces of the moon 
or sun were strong enough to break up the landmass, it 
would have also stopped the Earth's rotation, making it 
stationary. Additionally, the rotational speed required to 
cause a drift in the landmass would have been so high 
that it would have flung the atmosphere and everything 
else in outer space away from Earth's gravitational pull. 

e Another issue with the theory was the lack of knowledge 
about the Earth's history before the Carboniferous period. 
Furthermore, the proposed drift only considered 
northward and westward movements, without explaining 
why other directions were not involved. 

e The idea of the sial (continental crust) floating over the 
sima (oceanic crust) was also criticized, as it was later 
discovered that the lithosphere actually floats on the 


aesthenosphere. The explanation for the formation of 
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mountains like the Rockies and Andes due to friction with 
the sima was considered self-contradictory. 

e Finally, the continental drift theory failed to explain the 
formation of oceanic ridges and island arcs. Overall, 
while the theory was groundbreaking at the time, it faced 
significant criticism, which later led to the development of 


the more comprehensive plate tectonics theory. 


Which of the following is NOT a piece of evidence 
supporting the Continental Drift Theory? A. Jigsaw Fit of the 
continents B. Similar geological structures on coastlines C. 


Permo-Carboniferous Glaciations D. The Earth's stationary rotation 


Conclusion 


Alfred Wegener's continental drift theory significantly changed 
our understanding of the Earth's geological processes. The 
theory suggests that Earth's landmasses were once combined 
into a single supercontinent, Pangaea, which broke apart and 
moved to their current positions over time. While the theory 
provided an explanation for various geological, paleoclimatic, 
and biological evidence, it faced significant criticism due to its 
speculative nature and insufficient supporting evidence. These 
criticisms eventually led to the development of the more 


comprehensive plate tectonics theory. 


What is the Continental Drift Theory and 


who proposed it? 


The Continental Drift Theory was proposed by German scientist 
Alfred Wegener. It suggests that all of Earth's land was once 
combined into a single supercontinent called Pangaea, which later 
broke apart and moved to their current positions, continuing to shift 


even today. 


What were the two main directions of 
continental drift according to Wegener's 


theory? 


Wegener's theory suggests that the continents have moved in two 
primary directions: towards the Equator and towards the West. The 
equatorward drift contributed to the formation of various mountain 
ranges, while the westward drift led to the separation of the 
Americas from Europe and Africa, and the formation of the Atlantic 


Ocean. 


What evidence supports the Continental 


Drift Theory? 


Some key evidence supporting the Continental Drift Theory includes 
the jigsaw fit of continents' coastlines, similarities in geological 
structures, evidence of Permo-Carboniferous glaciations, fossil 
remains, paleoclimatic evidence, and biological evidence such as 


migratory patterns of certain animal species. 


Why was the Continental Drift Theory 


criticized? 


The theory faced significant criticism mainly due to the speculative 
nature of some aspects, insufficient supporting evidence, and the 
inability to explain certain geological phenomena. Critics argued that 


the proposed forces causing the drift were not plausible, and the 


25 


Carboniferous period or explain the formation of oceanic ridges and 


island arcs. 


How does the Continental Drift Theory 


relate to the Plate Tectonics Theory? 


The Continental Drift Theory was a precursor to the Plate Tectonics 
Theory. While the former focused on the movement of continents, 
the latter expanded upon this idea by considering the movement of 
Earth's lithospheric plates. The criticisms of the Continental Drift 
Theory led scientists to develop the more comprehensive Plate 
Tectonics Theory, which is now widely accepted as the explanation 


for Earth's geological processes. 


theory could not account for the Earth's history before the 
1. What is continental drift and how does it explain the movement of continents? 


Ans. Continental drift is a scientific theory that suggests that the Earth's continents were once joined 
together as a single landmass called Pangaea and have since drifted apart over millions of years. This 
theory explains the movement of continents by proposing that the Earth's lithosphere, which is 
composed of tectonic plates, moves slowly over the semi-fluid asthenosphere. This movement is driven 
by convection currents in the mantle. 


2. What evidence supports the theory of continental drift? 


Ans. There is various evidence that supports the theory of continental drift. One of the key pieces of 
evidence is the fit of the continents’ coastlines, particularly the east coast of South America and the 
west coast of Africa. The similarity of rock types and geological structures across continents, such as 
the Appalachian Mountains in North America and the Caledonian Mountains in Europe, also supports 
the theory. Additionally, the distribution of fossils and the presence of similar plant and animal species 


on different continents provide further evidence for continental drift. 


3. What is the significance of the direction of drift in continental drift theory? 


Ans. The direction of drift in continental drift theory is significant as it helps explain the movement of 
continents and the formation of various geological features. The theory suggests that continents have 
moved away from each other, forming ocean basins in the process. The direction of drift provides 
insights into the history of Earth's landmasses, the formation of mountain ranges, and the distribution 


of plant and animal species across continents. 


4. What are some criticisms of the continental drift theory? 


Ans. The continental drift theory has faced criticism in the past, primarily due to the lack of a 
convincing mechanism to explain the movement of continents. Critics argued that the theory lacked a 
solid scientific foundation until the discovery of plate tectonics in the 1960s provided a mechanism for 
continental drift. Additionally, some geologists initially resisted the theory as it challenged the 
prevailing belief in static continents. However, with the accumulation of more evidence and the 
development of plate tectonics, the continental drift theory gained widespread acceptance in the 


scientific community. 


5. How does the theory of continental drift contribute to our understanding of Earth's 


geological history? 


Ans. The theory of continental drift has revolutionized our understanding of Earth's geological history. 
It has helped explain the formation of various geological features, such as mountain ranges and ocean 
basins. By studying the distribution of fossils and plant and animal species across continents, scientists 
have been able to reconstruct past environments and track the movement of landmasses. This theory 
has also provided insights into the formation of supercontinents, the opening and closing of ocean 
basins, and the evolution of Earth's climate over millions of years. 


lsostasy 


Define lsostasy 


lsostasy, derived from the Greek words 'iso-stasios' meaning 
‘equal standing,’ is a term first proposed by American geologist 
Clarence Dutton in 1889. It refers to the state of balance that 
exists between the Earth's large upstanding features, such as 
mountain ranges and plateaus. The theory behind isostasy 
suggests that the Earth's lighter surface materials (sial) float on 


top of the denser magma (sima) found in the Earth's interior. 


° As we explore deeper into the Earth, we find various 
concentric layers, with the densest material forming the 
core and the lightest material making up the Earth's 
surface. Each layer and surface feature rests on one 
another, maintaining an isostatic balance. For instance, 
the core has an average density of 13.5 gm/cm3, the 
mantle's density ranges from 3.3 to 5.7 gm/cm3, and the 
continental crust's density is around 2.7 gm/cm3. 

e The concept of isostasy is particularly useful for 
explaining the ‘glacial adjustment’ observed in 
Scandinavian countries following the Pleistocene great 
ice age. The raised beaches of Finland, for example, 
demonstrate that an uplift of about 250 meters has 
occurred over the last 8,000 years due to isostatic 


adjustment. 


Development of the Isostasy Concept 


The concept of isostasy was developed by geologists to explain 
the gravitational attraction of massive mountainous regions. 
The idea was first introduced when Pierre Bouguer, during his 
Andes expedition from 1735-45, discovered that the huge 
volcanic peak of Chimborazo did not attract the plumb line as 
expected. He concluded that the Andes' gravitational attraction 
was much smaller than anticipated based on the mass of the 


mountains. 


Similarly, during the geodetic survey of the Indo-Gangetic plain in 
1859, discrepancies were noted in determining latitudes under the 
supervision of Sir George Everest, then Surveyor General of India. 
The latitudinal difference between Kalianpur and Kaliana, which are 
370 miles apart, was calculated using both direct triangulation and 
astronomical methods. Kaliana was just 96 km away from the 


Himalayas. 
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e The results of the two methods differed by 5.23 seconds: 

e Results obtained through triangulation: 5° 23’ 42.294” 

e Results obtained through astronomical method: 5° 23’ 
37.058” 


e Difference: 5.236” 


This discrepancy was attributed to the decreased gravitational 
attraction of the Himalayas, which caused the plumb bob used in the 
astronomical latitude determination to be deflected. Various theories 
have been proposed to explain the gravitational attraction, 


deflection, and isostatic balance among different landforms. 
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George Experiment 


Which geologist first proposed the term "isostasy"? A. Pierre 


Bouguer B. Sir George Everes C. Clarence Dutton D. Archdeacon 


Pratt 


Concept of Sir George Airy 


e The concept of Sir George Airy revolves around the idea 
that the Earth's crust is not hollow, but rather, the weight 
of the mountains is balanced by lighter materials below. 
According to Airy, the crust, made of lighter materials 
called "sial," floats on a denser substratum known as 
"sima." This means that massive mountain ranges like 
the Himalayas are floating on denser magma, similar to 
how a boat floats on water. 

e Airy's concept is based on the principle of flotation, which 
states that the ratio of the part of an object floating above 
the water (freeboard) to the part submerged (draught) is 


1 to 9. Applying this principle to the Earth's crust, it can 
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be assumed that for every 1 part of the crust above the horizontal plane between two sites must be askew, 
substratum, there are 9 parts submerged. For example, affecting the vertical direction as well. 
considering the Himalayas' height of 8,848 meters, there e Pratt further studied the rocks and their densities in the 
must be a downward projection of lighter material Himalayas and neighboring plains, discovering an 
beneath the mountain reaching a depth of around 80,000 inverse relationship between the height of the landforms 
meters. and their density. In other words, the density of 

e However, another scientist named Joly suggested a mountains is less than that of plateaus, which in turn is 
different freeboard-to-draught ratio of 1 to 8, which would less than the density of plains and the ocean floor. 
result in a depth of around 70,784 meters for the According to Pratt, there is a level of compensation 
Himalayas. Despite the difference in ratios, both theories above which density varies among different land 
agree that a significant amount of lighter material must be columns, but there is no change in density below this 
submerged beneath the mountains to maintain their level. Within one column, density does not change, but it 
balance. does vary between columns above the compensation 

level. 


High Density | at" High Density K 
E A e N 
Concept of Sir George 
e According to Airy, the density of the Earth's crust remains Line of Compensation 


the same regardless of the height of the landmass. This 


means that the continents are made of rocks with uniform e Line of Compensation 


density, but their thickness varies from place to place. To e Line of Compensation 

demonstrate this concept, Airy used iron pieces of e Pratt's central theme on isostasy can be summarized 

different lengths, which submerged in mercury to varying as "uniform depth with varying density." He believed 

depths depending on their lengths. This experiment can that along the line of compensation, equal surface 

also be replicated using wooden pieces submerged in areas must underlie equal mass. For example, if 

water. there are two columns (A and B) with equal surface 
e While Airy's concept is widely respected among the areas but different heights, the density of column A 

scientific community, it has some flaws. For instance, it is should be less than that of column B in order to 

difficult to accept that the Himalayas have a downward achieve equal weight along the line of compensation. 

projection of lighter material reaching depths of around This concept suggests that larger columns have 

80,000 or 70,784 meters, as this would likely melt due to lower density, while smaller columns have higher 

the high temperatures at such depths. Nevertheless, density. 

Airy's concept of isostasy remains an important e While Pratt's concept of isostasy does not directly 

contribution to the understanding of the Earth's crust and align with the law of floatation or the idea of root 

its underlying structure. formation, there are indirect implications of these 


principles in his work. Bowie has noted that a close 
Concept of Archdeacon Pratt examination of Pratt's concept reveals glimpses of 
both floatation and root formation. 


° The concept of Archdeacon Pratt's isostasy was derived 


from his study of the difference in gravitational deflection . In:comparing the View DOr ity and Pratt onlisostasy, 


Bowie ob d that "the fund tal diff 
during the geodetic survey of Kaliana and Kalianpur. He CWIS ASRM MAE MO nae ee eee 


between Airy's and Pratt's views is that the former 
calculated the gravitational force of the Himalayas by y oe 
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and found that the difference should have been 15.885 and the latera: uniform depth with varying density. 


seconds. This led him to the conclusion that the 


Pratt's Concept 


Concept of Hayford and Bowie 


\ 


| Interior Plain \ 


The concepts of isostasy proposed by Hayford and 
Bowie are quite similar to those of Pratt. According to 
Hayford and Bowie, there is a plane of compensation 


where the crustal parts are entirely balanced. The 


densities of these crustal parts vary with the elevations of 


columns above this compensation plane. 

In this concept, the density of mountains is lower than 
that of the ocean floor, meaning that the crust is made of 
lighter material under mountains than under the ocean 
floor. Additionally, there is a zone beneath the 
compensation plane where density remains uniform in a 
lateral direction. 

Hayford and Bowie propose that there is an inverse 
relationship between the height of crustal columns and 
their respective densities (as assumed by Pratt) above 
the compensation plane. The compensation plane, or 
level of compensation, is thought to be located at a depth 
of about 100 km. Columns with rocks of lower density 
stand higher than columns with rocks of higher density. 
To illustrate this concept, consider four imaginary 
columns (interior plain, plateau, coastal plain, and 
offshore region) reaching the level of compensation. 
Although their heights differ, they are balanced by their 
varying densities. The assumption is that the differing 
volume of matter in each column is compensated by its 
density so that they all exert equal downward pressure at 
the level of compensation and balance each other. 

This statement may be understood with the help of fig 


below: 


| Plateau 
Coastal Pian / 
offshore 


Level of Compensation 


This concept can be visualized using a diagram showing 
different columns of equal cross-sections made from 
various metals and ores with varying densities floating in 
a basin of mercury. All of these columns reach the same 
line (level of compensation) and exert equal weight along 


that line. 
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Bowie compared the views of Airy and Pratt on isostasy 
and found considerable similarity between them. 
However, he also noted that they were not identical. 
Bowie recognized elements of Airy's concept of root 
formation and the law of flotation in Pratt's views, albeit 
indirectly. 

However, the idea that crustal parts (various reliefs) are 
in the form of vertical columns, as proposed by Hayford 
and Bowie, is not entirely accurate because crustal 


features are typically found in horizontal layers. 


Concept of Jolly 


Joly proposed his ideas on isostasy in 1925, challenging 
Hayford and Bowie's belief that there was a level of 
compensation at a depth of about 100 km beneath the 
Earth's surface. Joly argued that the high temperatures at 
this depth would lead to complete liquefaction, making it 
impossible for such a level of compensation to exist. 
Additionally, Joly disagreed with Hayford and Bowie's 
idea that the density above the level of compensation 
varied, while remaining uniform below it. He contended 
that this condition would be unstable, as geological 
events could easily disturb it and disrupt the level of 
compensation. 

Instead, Joly suggested that there was a zone of 
compensation, rather than a single level. He believed that 
below a shell of uniform density, there was a 10-mile (16 
km) thick layer where the density varied. This concept 
implied that the compensation process was not a linear 
phenomenon, but rather a zonal one. 

Joly's ideas seemed to be more in line with the law of 
floatation, although he did not explicitly mention it. His 
concept was more similar to Airy's ideas than those of 
Hayford and Bowie. In Joly's model, areas of low density 
within the 10-mile layer corresponded to the downward 
projections of the lighter continental crust, while areas of 


high density represented the spaces filled with heavier 


underlying material. 


What is the central theme of Archdeacon Pratt's concept of 
isostasy? A. Uniform density with varying thickness B. Uniform 


depth with varying density C. Varying depth with uniform density D. 


Varying density with uniform thickness 


Conclusion 


The concept of isostasy has evolved through the contributions 
of various geologists, including Airy, Pratt, Hayford, Bowie, and 
Joly. These theories attempt to explain the balance between the 
Earth's large upstanding features and the underlying denser 
materials. Although their approaches differ, they all agree on 
the existence of a compensation mechanism that maintains this 
balance. Isostasy is an important concept in understanding the 
Earth's crust and its underlying structure, and has been 
instrumental in explaining phenomena such as glacial 


adjustment and gravitational deflection. 


What is the main concept behind 


isostasy? 


lsostasy refers to the state of balance that exists between the 
Earth's large upstanding features, such as mountain ranges and 
plateaus. It suggests that the Earth's lighter surface materials (sial) 


float on top of the denser magma (sima) found in the Earth's interior. 


Who first proposed the concept of 


isostasy? 


The concept of isostasy was first proposed by American geologist 


Clarence Dutton in 1889. 


1. What is the concept of isostasy? 


29 


What are the key differences between the 
isostasy concepts proposed by Sir 


George Airy and Archdeacon Pratt? 


Sir George Airy's concept of isostasy is based on the idea that the 
Earth's crust has a uniform density and varies in thickness, with 
lighter materials beneath mountain ranges balancing their weight. 
Archdeacon Pratt's concept, on the other hand, suggests that the 
crust maintains a uniform depth but varies in density, with larger 
columns having lower density and smaller columns having higher 


density. 


What is the level or zone of compensation 


in the context of isostasy? 


The level or zone of compensation refers to a specific depth or area 
within the Earth's crust where the crustal parts are entirely balanced. 
According to Hayford and Bowie, this level of compensation is 
located at a depth of about 100 km, while Joly suggests that it is a 


zone rather than a single level. 


How does the concept of isostasy help 
explain the uplift of Scandinavian 


countries following the last ice age? 


Isostasy can help explain the "glacial adjustment" observed in 
Scandinavian countries following the Pleistocene great ice age. The 
raised beaches of Finland, for example, demonstrate that an uplift of 
about 250 meters has occurred over the last 8,000 years due to 


isostatic adjustment. 


Ans. lsostasy is a geological concept that refers to the equilibrium or balance between the Earth's 


lithosphere and asthenosphere. It explains the vertical movement of the Earth's crust in response to 


the redistribution of mass on the Earth's surface. 


2. How does isostasy work? 


Ans. Isostasy works based on the principle of gravitational equilibrium. When there is an increase in 


the load on the Earth's crust, such as the deposition of sediments or the melting of glaciers, the crust 


sinks to maintain balance. Conversely, when there is a decrease in the load, the crust rises to regain 


equilibrium. 


3. What are the factors that influence isostatic adjustments? 


Ans. lsostatic adjustments are influenced by several factors, including the thickness and density of the 


crust and underlying mantle, the presence of large bodies of water, the accumulation or erosion of 


sediment, and the tectonic activity in the region. 
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4. How does isostasy contribute to the formation of mountains and valleys? 


Ans. lsostasy plays a significant role in the formation of mountains and valleys. When tectonic forces 


push up mountain ranges, the crust beneath them undergoes isostatic adjustment and sinks deeper 


into the mantle. Similarly, when erosion wears down mountains, the crust rebounds and uplifts, 


resulting in the formation of valleys. 


5. What are the practical applications of isostasy in geology? 


Ans. lsostasy has several practical applications in geology. It helps in understanding the regional 


variations in elevation, predicting the subsidence or uplift of coastal areas due to processes like sea 


level change or sediment deposition, and interpreting the isostatic rebound following the melting of 


glaciers. It is also used to analyze the isostatic response to tectonic events and to estimate the 


thickness of the Earth's crust in different regions. 


Plate Tectonics 


Tuzo Wilson from the University of Toronto was the first to 
use the term plate tectonics, while W.J Morgan from Princeton 
University published the Plate Tectonics theory for the first 
time in 1962. 


Plate Tectonics Theory 


The Plate Tectonics Theory is a comprehensive framework that 
seeks to explain the dynamic processes and features of Earth's 
crust and the forces within it. This theory was developed in the 
1960s, largely due to advancements in seafloor mapping. It is 
based on two main hypotheses: Arthur Holmes' convection 
current hypothesis and the concept of seafloor spreading, as 
proposed by Hess. The Plate Tectonics Theory is an 
improvement over Wegener's Continental Drift Theory and is 
regarded as the most sophisticated and comprehensive 
explanation for the movement of continents and the expansion 
of seafloors. 


The main principles of the Plate Tectonics Theory can be 


summarized as follows: 


1. Earth's interior can be classified based on mechanical 
rigidity into three main layers: the lithosphere, 
asthenosphere, and mesosphere. This classification 
rejects the earlier concepts of SIAL and SIMA. 

2. The lithosphere is composed of Earth's crust and the 
upper part of the mantle. It is about 100 kilometers thick 
and has a lower density than the material beneath it, 


allowing it to "float." 


3. | The asthenosphere is a plastic, semi-fluid layer located 
below the lithosphere. The plates of the lithosphere 
essentially float on the asthenosphere, allowing for their 


movement. 


In summary, the Plate Tectonics Theory provides a 
comprehensive explanation for the movement of Earth's crust 
and the forces that shape it, based on the interactions between 
the lithosphere and asthenosphere. This theory has significantly 
advanced our understanding of Earth's geological processes 


and the formation of its diverse features. 


Crust 0-100 km 
thick 


SS 
Ds A Hosper 


crust and upper- 
most solid mantle) 


Mantle 


Not to scale 
6378 km 


To scale 


Interior of the Earth 


According to Plate tectonics theory 
The theory of plate tectonics suggests that the Earth's 


lithosphere, which includes the crust and upper mantle, is 


fragmented into several pieces that float on a ductile layer 
known as the asthenosphere. These fragments, or tectonic 
plates, move due to convection currents generated in the upper 
mantle. The plates slide horizontally over the asthenosphere as 


rigid units. 


e The thickness of the lithosphere varies, with oceanic 
regions ranging from 5-100 km thick and continental 
areas reaching approximately 200 km thick. Oceanic 
plates primarily consist of Simatic crust and are relatively 
thin, while continental plates are made up of Sialic 
material and are thicker in comparison. 

e Tectonic plates can be classified into minor and major 
plates, as well as continental plates (e.g., Arabian plate) 
and oceanic plates (e.g., Pacific plate). Some plates are 
a combination of both continental and oceanic material, 
such as the Indo-Australian plate. 

e The movement of these plates, driven by convection 
currents in the mantle, is responsible for the formation of 
various landforms and is the primary cause of all Earth 
movements. The boundaries between plates are areas of 
significant geological activity, including seafloor 
spreading, volcanic eruptions, crustal deformation, 
mountain building, and continental drift. 

e The term "tectonics" originates from the Greek word 
"tektonikos," meaning building or construction. It refers to 
the deformation of the Earth's crust as a result of internal 


forces. 


Which type of convergent boundary results in the 
formation of the Himalayas? A. Oceanic-continental 


convergence B. Oceanic-oceanic convergence C. 


Continental-continental convergence D. Transform fault boundary 


Lithospheric Plates 


A plate, in the context of Earth's structure, refers to a large 
section of the lithosphere, which includes the crust and the rigid 
upper mantle. These plates float on the more fluid-like 
asthenosphere below and move independently from one 
another. There are generally two types of plates: continental 
plates and oceanic plates. According to the geologist Xavier Le 
Pichon, the Earth's surface is made up of seven major plates 
and nine minor plates. 


Major Tectonic Plates 


The major tectonic plates of the Earth include: 
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e Antarctica Plate: This plate encompasses Antarctica 
and the surrounding oceanic plate. It is characterized by 
divergent boundaries, where the plate is moving away 
from its neighbors. 

° North American Plate: This plate is shifting westwards 
at a velocity of 4-5 cm per year. It is a combination of 
both oceanic and continental crust. 

e South American Plate: Similar to the North American 
Plate, the South American Plate is also moving 
westwards, but at a slightly slower rate of 3-4 cm per 
year. It is also half oceanic and half continental in 
composition. 

e Pacific Plate: This plate is purely oceanic and is moving 
northwest at a rate of 2-3 cm per year. 

° India-Australia-New Zealand Plate: This plate is a 
combination of the Indian Plate, the Australian Plate, and 
the New Zealand Plate, all of which are moving in 
different directions and at varying speeds. 

e Africa Plate: This plate includes the continent of Africa 
as well as the eastern Atlantic Ocean floor. It is a 
combination of both oceanic and continental crust. 

e Eurasia Plate: This plate is primarily continental and is 
shifting eastwards at a velocity of 2-3 cm per year. It 
includes the landmass of Europe and Asia as well as the 


adjacent oceanic plate. 


Plate tectonics in the World 


Minor Tectonic Plates 


e Arabian Plate: This plate mainly consists of the Saudi 
Arabian landmass. 

e Bismarck Plate: Divided into the North Bismarck Plate 
and South Bismarck Plate. 

. Caribbean Plate: A tectonic plate encompassing the 
Caribbean Sea and surrounding regions. 

e Carolina Plate: Located in the eastern hemisphere, this 


plate straddles the Equator north of New Guinea. 


Cocos Plate: A tectonic plate beneath the Pacific Ocean 
near Central America. 

Juan de Fuca Plate: Situated between the Pacific and 
North American plates, this plate is off the coast of the 
Pacific Northwest. 

Nazca Plate: A tectonic plate located in the eastern 
Pacific Ocean, off the west coast of South America. 
Philippine Plate: Positioned between the Asiatic and 
Pacific plates, this plate is beneath the Philippine Sea. 
Persian Plate: A tectonic plate that includes parts of Iran 


and surrounding regions. 
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Anatolian Plate: Also known as the Turkish Plate, it 
comprises most of the Anatolia (Asia Minor) peninsula, 
including the country of Turkey. 

China Plate: A tectonic plate that covers the majority of 
mainland China and its surrounding regions. 

Fiji Plate: Situated between the Pacific Plate and the 


Indo-Australia Plate, this plate encompasses the Fiji 


island group. 


Plate Boundaries Major and Minor 
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Most of the plates include both continental and oceanic crusts. The area of the places is fairly large in comparison to their 
depth and thickness. It has also been established that the depth of the plates is even less under the oceanic crust. 
Three types of motion are possible between the plates: 


1. Separation or divergent or constructive plate margins 
2. Closing together or convergent or destructive plate margins 


3. Transform or conservative plate margin 


(oceanic echo created) reese lithosphere destroyed) (ore neither created or 


Convergent And Divergent Plate Boundaries 


Divergent Boundaries 


The boundary between two plates that are moving apart or 
rifting, Rifting causes Seafloor Spreading. 


Features of Divergent Boundaries — 


° Mid-ocean ridges 
e rift valleys 


e fissure volcanoes 


Different stages of development of Divergent Boundary 


Continental Rift Valleys 

Continental rift valleys can form when divergent boundaries 
occur within a continent. A prime example of this is the Great 
East African Rift Valley, which stretches from Ethiopia to 
Mozambique. Similarly, the Red Sea is a result of continental 
spreading, where the separation has been significant enough to 


create a "proto-ocean." 
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Convergent Boundaries 


Convergent boundaries occur when tectonic plates collide, 
resulting in the destruction or compression of the Earth's crust. 
These boundaries are responsible for creating some of the 
most remarkable landforms on Earth, such as major mountain 
ranges, volcanoes, and oceanic trenches. 


There are three types of convergent boundaries: 


1. Oceanic-continental convergence 
2. Oceanic-oceanic convergence 


3. Continental-continental convergence 


1. Oceanic-Continental Convergence: In this type of 
convergence, the denser oceanic lithosphere, which consists of 
basaltic crust, collides with the lighter continental lithosphere. 
As a result, the oceanic plate is forced beneath the continental 
plate in a process known as subduction. The subducting slab 
pulls the rest of the plate along with it, which is believed to be 
the primary driver of plate movement. 

2. Oceanic-Oceanic Convergence: When two oceanic plates 
collide, subduction also occurs. As one oceanic plate is forced 
beneath the other, an oceanic trench forms, accompanied by 
shallow and deep-focus earthquakes and volcanic activity. Over 


time, a volcanic island arc develops, such as the Aleutian 
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Islands and the Mariana Islands. Eventually, these arcs may 
mature into more complex island arc systems, like Japan and 
the islands of Sumatra and Java in Indonesia. 

3. Continental-Continental Convergence: In cases where two 
continental plates converge, subduction does not occur 
because the continental crust is too buoyant. Instead, massive 
mountain ranges are formed, such as the Alps. The most 
striking example of continental collision today is the formation of 


the Himalayas. 


In summary, convergent boundaries are zones where tectonic plates 
collide, resulting in the formation of various landforms such as 
mountain ranges, volcanoes, and oceanic trenches. There are three 
types of convergent boundaries: oceanic-continental, 
oceanic-oceanic, and continental-continental, each with their unique 


characteristics and resulting geological formations. 
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Transform Fault Boundaries 


e A transform fault, also known as a transform boundary 
or strike-slip boundary, is a type of fault that occurs 
along plate boundaries where the motion is primarily 
horizontal. Transform plate boundaries are areas 
where two tectonic plates slide past each other, 
resulting in deformation of the existing landforms rather 
than the creation or destruction of new landforms. The 
fracture zone that constitutes a transform plate 
boundary is referred to as a transform fault. 

e In the ocean, these faults typically form perpendicular 
to mid-oceanic ridges, acting as planes of separation. 
On continents, well-known examples of transform 
faults include the North Anatolian Fault and the San 
Andreas Fault, which lies alarmingly close to Silicon 
Valley along the western coast of the United States. 
These faults demonstrate the characteristics of a 
transcurrent edge, where tectonic plates slide past one 


another horizontally. 
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Evidence supporting plate tectonics includes: 


° Deep ocean drilling: The Glomar Challenger was a 
research vessel that drilled into the ocean floor, providing 
valuable information about the Earth's crust and plate 
tectonics. 

e JOIDES (Joint Oceanographic Institutions for Deep 
Earth Sampling): This program collects and analyzes 
samples from the ocean floor to study the Earth's 
structure and history, further supporting the theory of 
plate tectonics. 

° Hot spots: These are regions of intense volcanic activity 
that occur far from plate boundaries. Their existence 
suggests that the Earth's mantle is dynamic and that heat 


from the core drives the movement of tectonic plates. 
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e Paleomagnetism: This is the study of the Earth's 
magnetic field in the past. It provides evidence for the 
movement of continents over time and supports the 
theory of plate tectonics. 

e Magnetic reversal and seafloor spreading: The pattern 
of magnetic reversals found in rocks on the ocean floor 
provides strong evidence for the process of seafloor 


spreading, which is a key component of plate tectonics. 


The significance of plate tectonics is vast, as it influences 


various aspects of the Earth's geology: 


e Formation of major landforms: Most major 
landforms, such as mountain ranges and ocean 
trenches, are formed as a result of plate tectonic 
processes. 

e Creation of new minerals: Magmatic eruptions 
that occur during plate tectonic activity can bring 
new minerals to the Earth's surface. 

° Economic value: Minerals like copper and 
uranium, which are valuable resources, are often 
found near plate boundaries. 

° Predicting future landmasses: By studying the 
current movement of tectonic plates, scientists 
can predict how the Earth's landmasses will 
evolve in the future. For example, if current 
trends continue, North and South America may 
eventually separate, a piece of land may break 
off from the east coast of Africa, and Australia 


may move closer to Asia. 


What is the primary driver of plate movement in the context 
of oceanic-continental convergence? A. Subduction of the 
oceanic plate beneath the continental plate B. Formation of rift 
valleys C. Sliding of plates along transform faultsD. Mid-ocean 


ridges 


Conclusion 


The Plate Tectonics Theory is a groundbreaking framework that 
explains the dynamic processes and features of Earth's crust 
and the forces within it. Developed in the 1960s, this theory has 
advanced our understanding of Earth's geological processes 
and the formation of diverse features. By studying the 
interactions between the lithosphere and asthenosphere, as 
well as the movement of tectonic plates, scientists can explain 
the creation of major landforms, predict future landmasses, and 
uncover valuable resources. The evidence supporting plate 
tectonics, such as deep ocean drilling, hot spots, and 


paleomagnetism, has significantly contributed to our 
understanding of Earth's complex geology. 


What is the main difference between 
Wegener's Continental Drift Theory and 


the Plate Tectonics Theory? 


Wegener's Continental Drift Theory proposed that continents were 
once connected and gradually drifted apart, but it lacked a 
mechanism to explain this movement. Plate Tectonics Theory, on 
the other hand, provides a comprehensive explanation of the 
movement of the Earth's crust by describing the interactions 
between the lithosphere and asthenosphere, including the process 
of seafloor spreading and the role of convection currents in the 


mantle. 


What are the three types of plate 
boundaries and their associated 


geological features? 


The three types of plate boundaries are divergent, convergent, and 
transform. Divergent boundaries are characterized by plates moving 
apart, leading to features such as mid-ocean ridges and rift valleys. 
Convergent boundaries involve plates colliding, resulting in the 
formation of mountain ranges, volcanoes, and oceanic trenches. 
Transform boundaries occur when plates slide past each other, 
causing deformation of landforms rather than creating or destroying 


them. 


How do convection currents in the mantle 


contribute to plate tectonics? 


1. What is plate tectonics theory? 
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Convection currents are generated in the mantle due to the heat 
from the Earth's core. These currents cause the semi-fluid 
asthenosphere to rise, spread out, and then sink back down, 
creating a circular motion. This movement of the asthenosphere 
drives the movement of the lithospheric plates that float on top of it, 
facilitating the processes of seafloor spreading, subduction, and 


plate movement. 


What role do subduction and seafloor 
spreading play in the Plate Tectonics 


Theory? 


Subduction is the process by which one tectonic plate is forced 
beneath another, typically occurring at convergent boundaries. This 
process recycles the crust material back into the mantle and drives 
the movement of the plates. Seafloor spreading, on the other hand, 
occurs at divergent boundaries where new crust is formed as molten 
material rises from the mantle and solidifies. This process results in 


the expansion of the seafloor and the movement of continents. 


How does the study of paleomagnetism 


support the Plate Tectonics Theory? 


Paleomagnetism involves the study of the Earth's magnetic field in 
the past, as recorded in rocks and minerals. This field of study has 
provided evidence for the movement of continents over time, 
showing that the Earth's magnetic poles have changed positions 
relative to the continents. Additionally, the pattern of magnetic 
reversals found in rocks on the ocean floor provides strong evidence 


for seafloor spreading, a key component of plate tectonics. 


Ans. Plate tectonics theory is a scientific explanation for the movement of the Earth's lithospheric 


plates. It states that the Earth's outer shell is divided into several large and small plates that float on 


the semi-fluid asthenosphere beneath them. These plates interact with each other at their boundaries, 


leading to various geological phenomena such as earthquakes, volcanic activity, and the formation of 


mountain ranges. 


2. What are lithospheric plates? 


Ans. Lithospheric plates are large and rigid pieces of the Earth's outer shell called the lithosphere. The 


lithosphere is composed of the crust and uppermost part of the mantle. These plates float on the semi- 


fluid asthenosphere beneath them and are constantly moving and interacting with each other. There 


are several major plates, such as the Pacific Plate, North American Plate, Eurasian Plate, and many 


smaller plates. 
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3. What are convergent boundaries? 


Ans. Convergent boundaries occur where two lithospheric plates collide or move towards each other. 
There are three types of convergent boundaries: oceanic-oceanic, oceanic-continental, and 
continental-continental. At oceanic-oceanic convergent boundaries, one oceanic plate is forced 
beneath the other, forming a subduction zone and often leading to the formation of volcanic arcs. At 
oceanic-continental convergent boundaries, the denser oceanic plate subducts beneath the less dense 
continental plate, causing volcanic activity and the formation of mountain ranges. At continental- 
continental convergent boundaries, both plates are of similar density and collide, resulting in the 


formation of large mountain ranges. 


4. What are transform fault boundaries? 


Ans. Transform fault boundaries occur where two lithospheric plates slide past each other horizontally. 
These boundaries are characterized by intense seismic activity and are responsible for creating strike- 
slip faults. The most famous transform fault boundary is the San Andreas Fault in California, where the 
Pacific Plate and North American Plate slide past each other. Transform boundaries do not lead to the 


creation or destruction of lithosphere but are significant sources of earthquakes. 


5. How does plate tectonics theory explain geological phenomena? 


Ans. Plate tectonics theory explains various geological phenomena by describing how lithospheric 
plates interact at their boundaries. For example, earthquakes occur when plates slide past each other 
at transform boundaries or when subduction occurs at convergent boundaries. Volcanic activity is 
often associated with convergent boundaries where subduction of oceanic plates leads to the 
formation of magma. The formation of mountain ranges is also explained by plate tectonics theory, as it 
involves the collision of continental plates at convergent boundaries. Overall, plate tectonics theory 
provides a comprehensive framework for understanding the dynamic nature of the Earth's surface and 


its geological processes. 


Recent Views on Mountain Building 


Introd uction ° There are two primary types of orogeny: the cordilleran 
type, which involves the severe deformation of 
Orogeny refers to the crucial geological process responsible for geosynclinal deposits, and the type formed by continental 
the formation and differentiation of the Earth's crust. In 1890, collision, in which oceanic crust and sediment are 
American geologist G.K. Gilbert coined the term 'orogeny' to trapped between two masses of continental crust. The 
describe the process of mountain building, specifically focusing term 'orogeny' is not applicable to submerged mountains 
on the formation of fold mountain belts like the Alps and the found in seas, as these underwater mountains are 
Rockies. As defined by the Oxford Dictionary of Geography, formed through processes that are significantly different 
'orogeny' refers to the tectonic movements of the Earth that from those responsible for creating mountain systems 


involve the folding of sediments, faulting, and metamorphism. like the Alps and the Rockies. 


° Two modern theories attempt to explain mountain 
building: the Geosynclinal theory and the Plate Tectonic 
theory. Both theories offer different perspectives on the 
geological processes involved in the formation of 


mountains and the Earth's crust. 


Which of the following types of geosynclines is characterized by a 
high amount of volcanic products during their formation? A. 
Monogeosynclines B. Polygeosynclines C. Eugeosynclines D. 


Miogeosynclines 


Geosynclines 


Geosynclines are significant geological features that have 
played a crucial role in the formation and development of the 
Earth's continents and ocean basins. These shallow, long, and 
narrow depressions of water are characterized by gradual 
sedimentation and subsidence. They are believed to have 
originated from mobile water zones surrounded by stable, rigid 
landmasses, which are the ancient nuclei of present-day 


continents. 


e Geosynclines have not remained constant throughout 
geological history; their location, shape, dimensions, and 
extent have undergone significant changes due to 
various earth movements and geological processes. 
These depressions are typically bordered by two rigid 
masses called forelands, forming the edges of the 
geosynclinal regions. 

e The concept of geosynclines was first introduced by 
James Hall and Dana, but it was further developed and 
expanded upon by Haug. J.A. Steers (1932) 


acknowledged their contributions, stating, "While the 


theory of geosynclines is due to Haug, the concept of the 


idea belongs to Hall and Dana." Geosynclinal theory 
gained widespread acceptance as it shed light on the 
unique features of folded mountains and the processes 


involved in their formation. 


In summary, geosynclines are long, narrow, and shallow water 
depressions that have played a crucial role in the Earth's geological 
history. Their continuous sedimentation and subsidence have 
contributed to the formation of mountains and other landforms. The 
concept of geosynclines has evolved over time, thanks to the work 
of various geologists and geographers who have further developed 


and refined the theory. 
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Concept of Hall and Dana 


The concept of Hall and Dana revolves around the study of 
folded mountains and their relationship with geosynclines. Dana 
examined the sediments found in the rocks of these mountains 
and theorized that they originated from marine sources. He 
proposed that these sediments were deposited in elongated, 


narrow, and shallow seas, which he referred to as geosynclines. 


° Dana was the first to define geosynclines as long, 
narrow, and shallow sinking beds of seas. Hall further 
developed this concept, providing substantial evidence to 
demonstrate a connection between geosynclines and 
folded mountains. He argued that the rocks found in 
folded mountains were initially deposited in shallow seas, 
which eventually formed geosynclines. 

e According to Hall, the continuous process of 
sedimentation causes the beds of geosynclines to 
subside. However, despite this subsidence, the depth of 
water in these geosynclines remains constant. It is 
important to note that geosynclines are characterized by 
their length, which is significantly greater than their width. 
This concept of Hall and Dana provides a foundation for 
understanding the geological processes that contribute to 
the formation of folded mountains and their relationship 


with geosynclines. 


Sea Level 


Subsidence of floor 


Fig. 11.2: Sinking beds of geosynclines due to sedimen- 


tation and subsidence. 


Concept of E. Haug 


e The concept of geosynclines, credited to Hall and Dana, 
was further developed by E. Haug. He defined 
geosynclines as long, deep bodies of water that were 
much longer than they were wide. Haug created 
paleogeographical maps of the world, illustrating the long 
and narrow oceanic tracts that were later folded into 
mountain ranges. 

° Haug proposed that the locations of present-day 
mountains were once occupied by geosynclines or 


oceanic tracts. These geosynclines existed as mobile 


water zones between rigid masses. He identified five 
major rigid masses during the Mesozoic era: the North 
Atlantic Mass, the Sino-Siberian Mass, the Africa-Brazil 
Mass, the Australia-India-Madagascar Mass, and the 
Pacific Mass. He also located four geosynclines between 
these ancient rigid masses: the Rockies geosyncline, the 
Ural geosyncline, the Tethys geosyncline, and the 
Circum-Pacific geosyncline. 

e According to Haug, systematic sedimentation occurred in 
the geosynclines. The littoral margins of the geosynclines 
were impacted by transgressional and regressional 
phases of the seas. The marginal areas of the 
geosynclines contained shallow water where larger 
sediments were deposited, while finer sediments were 
deposited in the central parts of the geosynclines. These 
sediments were compressed and folded into mountain 
ranges due to the compressive forces coming from the 
margins of the geosynclines. 

e Haug also noted that not all geosynclines necessarily 
went through the complete cycle of sedimentation, 
subsidence, compression, and folding of sediments. In 
some cases, mountains were not formed from the 
geosynclines despite continuous sedimentation over long 
geological time periods. 

° While Haug's contributions to the development of the 
geosyncline concept are commendable, his theory has 
some limitations and confusing aspects. For instance, his 
paleogeographic map of the Mesozoic era depicted an 
unrealistic extent of rigid masses (land areas) compared 


to the geosynclines (oceanic areas). 


180° Equator 
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Distribution of rigid masses and geosynclines during Mesozoic era as depicted by E. Haug. 


Concept of J.W. Evans 


J.W. Evans posits that geosynclines are highly diverse in their 
forms and locations, which makes it challenging to provide a 
clear definition for their shape and position. Geosynclines are 
characterized by their beds undergoing gradual subsidence due 


to sedimentation, and their forms and shapes evolve in 
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response to changing environmental conditions. As a result, a 
geosyncline can be either narrow or wide and take on various 


shapes. 


There are several possible scenarios for the placement of 


geosynclines: 


e They can be situated between two land masses, such as 
the Tethys geosyncline that was located between 
Laurasia and Gondwanaland. 

e They can be found in front of a mountain or plateau, like 
the long trench that formed after the Himalayas' 
emergence, which was later filled with sediments to 
create the Indo-Gangetic Plains. 

° They can be positioned along the edges of continents. 

e They can be present in front of a river mouth, among 


other locations. 


Evans emphasizes that all geosynclines, despite their diverse forms, 
shapes, and locations, share the common features of sedimentation 
and subsidence. Over time, geosynclines that have experienced 

prolonged periods of sedimentation eventually become compressed 


and folded, giving rise to mountain ranges. 


Views of Schuchert 


Schuchert's classification of geosynclines focused on their 
characteristics, such as size, location, and evolutionary history. 


He divided them into three categories: 


° Monogeosynclines: These are exceptionally long, 
narrow, and shallow water tracts, as described by Hall 
and Dana. Monogeosynclines are situated either within a 
continent or along its borders and are characterized by 
continuous subsidence due to gradual sedimentation and 
the resulting load. They are called "mono" because they 
undergo only one cycle of sedimentation and mountain 
building. The Appalachian geosyncline in the United 
States is considered the best example of 
monogeosynclines. It was present during the 
Pre-Cambrian period and bordered by the highland mass 
known as Appalachia in the east. The Appalachian 
geosyncline experienced folding from the Ordovician to 
Permian periods. 

e Polygeosynclines: These are long and wide water 
bodies, broader than monogeosynclines. 
Polygeosynclines have relatively longer lifespans and 
more complex evolutionary histories. They are thought to 


have experienced more than one phase of orogenesis, 


leading to the formation of one or more parallel 
geanticlines arising from their floors during the squeezing 
process. Polygeosynclines originated in positions similar 
to those of monogeosynclines. The Rocky and Ural 
geosynclines are representative examples of 
polygeosynclines. 

e Mesogeosynclines: These are very long, narrow, and 
mobile ocean basins that are surrounded by continents 
on all sides. Mesogeosynclines are characterized by 
great abyssal depths and long, complex geological 
histories. They undergo several geosynclinal phases, 
such as sedimentation, subsidence, and folding. 
Mesogeosynclines are similar to the geosynclines 
described by Haug. The Tethys geosyncline is a typical 
example of this type, and the Mediterranean Sea is its 
remnant. The Tethys geosyncline was folded into the 
Alpine mountains of Europe and the Himalayas of Asia. 
The unfolded remaining portion of the Tethys geosyncline 
became the Mediterranean Sea, an example of Kober's 


median mass. 


Concept of Arthur Holmes 


A. Holmes, a renowned geologist, has made significant 
contributions to the understanding of geosynclines, including 
their main characteristics, causes of origin, and the processes 
involved in sedimentation, subsidence, and orogenesis. He 
believed that sedimentation leads to subsidence, but this alone 
cannot account for the greater thickness of sediments in 
geosynclines. Instead, earth movements can cause substantial 
subsidence in geosynclinal beds. Holmes also noted that the 
subsidence of geosynclinal beds occurs gradually, not 


suddenly. 


For instance, the deposition of sediments up to 12,160 meters 
(40,000 feet) thick in the Appalachian geosyncline could have 
occurred over a 300-million-year span from the Cambrian 
period to the early Permian period, at a rate of one foot of 


sedimentation every 7,500 years. 


Holmes identified four major types of geosynclines and 


described their origins separately: 


e Geosynclines formed by magma migration: Holmes 
posited that the earth's crust consists of three layers, and 
the migration of magma from the intermediate layer to 


neighboring areas can cause the collapse and 


subsidence of the outer layer, forming a geosyncline. The 
Coral Sea is a present-day example of this process. 
Geosynclines formed by metamorphism: Holmes 
argued that converging convective currents cause 
compression-induced metamorphism in the lower layer of 
the crust, increasing the density of rocks and causing 
subsidence, which leads to the formation of a 
geosyncline. The Caribbean Sea, western Mediterranean 
Sea, and Banda Sea are examples of this type of 
geosyncline. However, this concept has been criticized 
because compression caused by convergent convective 
currents might not result in metamorphism, but rather in 
the melting of rocks due to high temperatures. 
Geosynclines formed by compression: Some 
geosynclines result from compression and subsequent 
subsidence of the outer crustal layer caused by 
convergent convective currents. The Persian Gulf and 
the Indo-Gangetic trough are considered typical 
examples of this type of geosyncline. 

Geosynclines formed by thinning of the sialic layer: 
Holmes suggested two possibilities when a column of 
rising convective currents diverges in opposite directions 
after reaching the lower crustal layer: (a) the sialic layer 
stretches apart due to tensile forces exerted by diverging 
convective currents, causing thinning and resulting in the 
creation of a geosyncline, such as the former Tethys 
geosyncline; or (b) the continental mass may separate 
due to enormous tensile forces generated by the 
divergent convective currents, as is thought to have 


occurred in the formation of the former Ural geosyncline. 


View of Others 
Dustar has categorized geosynclines into three types 


based on the structure of mountain ranges: 


Inter-continental geosynclines are located between two 
continental or land masses. This type is similar to 
Schuchert's mesogeosyncline classification. The Ural 
geosyncline is a representative example of this category. 
Circum-continental geosynclines are typically found along 
the edges of continents. This type corresponds to 
Schuchert's monogeosyncline classification. 
Circum-oceanic geosynclines are generally situated in 
the marginal areas where continents meet oceanic 
margins. Stille refers to these as marginal geosynclines, 
while others call them special or unique geosynclines. 
More extensive geosynclines are referred to as 


orthogeosynclines by Stille. 


Stille has also classified geosynclines based on the 


presence of volcanic activity during their formation: 


e Eugeosynclines have a relatively high amount of volcanic 
products, indicating a high level of igneous activity (the 
Greek prefix "eu" means high status). 

e Miogeosynclines contain a lower amount of volcanic 
products, suggesting a lower level of igneous activity (the 


prefix "mio" means low). 


In summary, Dustar's classification of geosynclines involves three 
types based on their location in relation to continents and oceans, 
while Stille's classification is based on the level of volcanic activity 


during the formation of geosynclines. 


What are the three main stages of the geosynclinal history? A. 
Lithogenesis, orogenesis, and gliptogenesis B. Sedimentation, 
compression, and denudation C. Formation, subsidence, and folding 


D. Erosion, deposition, and mountain building 


Stages of Geosynclines 


The geosynclinal history is divided into three main stages, 


including: 


Lithogenesis (the stage of geosyncline formation, sedimentation, 


and subsidence of geosynclinal beds): 


e This stage is characterized by the formation, 
sedimentation, and subsidence of geosynclines. These 
geosynclines form due to the contraction caused by the 
Earth's cooling process. The adjacent stable areas or 
kratogens, which surround the geosynclines, are 
subjected to the forces of erosion. 

e As a result, rocks and boulders from the kratogens are 
continuously worn away and deposited onto the beds of 
the geosynclines. This leads to the subsidence of the 
geosynclines, as the weight of the deposited sediments 
causes them to sink. The combined processes of 
sediment deposition and the resulting subsidence 
contribute to the ongoing accumulation of sediments, 
which increases the overall thickness of the geosynclinal 


beds. 
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Sea Level 


Sedimentation 


Subsidence of Floor 


The stage of lithogenesis: creation of 
geosyncline followed by sedimentation and 
subsidence. 


Orogeneis (the stage of squeezing and folding of 


geosynclinal sediments into mountain ranges: 


° In this stage the geosynclinal sediments are squeezed 
and folded into mountain ranges. There is a convergence 
of forelands towards each other due to the force of the 
contraction of the earth. The enormous compressive 
forces produced by these moving forelands produce 
contraction, squeezing and folding of sediments 
deposited on the geosynclinal bed. 

e The parallel mountain ranges found on both sides of the 
geosyncline have been termed by Kober as rand ketten 
meaning marginal ranges. Kober viewed the folding of 
geosynclinal sediments to be dependent upon the 
intensity of the compressive forces. Compressive forces 
of normal and moderate intensity produce marginal 
ranges on two sides of the geosyncline leaving the 
middle part unaffected. 

e The unfolded middle part is termed as zwischengebirge 
(between mountains) or median mass. He viewed the 
Tethys geosyncline as bordered by the European 
foreland in the north and by the African foreland in the 
south. 

e The sedimentary deposits of the Tethys geosyncline had 
undergone massive compression due to the converging 
movement of the European landmass (foreland) and the 
African foreland, leading to the formation of the Alpine 


mountain system. 


Median Marginal Range 


Mass 


Land 
C 


Marginal Range 


| 
Land, 
Compression 


The stage of orogenesis: squeezing and fold- 
ing of geosynclinal sediments due to 
compressive forces; the whole of geosyndinal 
sediments are folded when the compressive 
forces coming from the sides of geosyncline is 
enormous and acute. 


fs 
compression 


Gliptogenesis (the stage of gradual rise of mountains, and 
their denudation and consequent lowering of their 


heights): 


e This phase of mountain- building is characterized by a 
gradual ascent of mountain ranges and the ongoing 


denudation processes by natural agents. 


Folded Ranges 


Folding of marginal sediments into marginal 
ranges and formation of median mass when 
the compressive forces are moderate. 


Conclusion 


Orogeny is a crucial geological process responsible for the 
formation and differentiation of the Earth's crust, specifically the 
creation of fold mountain belts. Geosynclines, long and narrow 
depressions of water, play a significant role in the Earth's 
geological history, including the formation of mountains and 
other landforms. Various geologists and geographers have 
contributed to our understanding of geosynclines, their 
relationship with mountain building, and their classifications. 
The study of geosynclines and orogeny helps us understand 
the complex processes that have shaped the Earth's crust and 
contributed to the formation of the diverse landscapes we see 


today. 


What is orogeny, and what are the two 


primary types of orogeny? 


Orogeny refers to the geological process responsible for the 
formation and differentiation of the Earth's crust, specifically 
focusing on the formation of fold mountain belts. The two primary 
types of orogeny are the cordilleran type, which involves the severe 
deformation of geosynclinal deposits, and the type formed by 
continental collision, in which oceanic crust and sediment are 


trapped between two masses of continental crust. 


What are geosynclines, and how do they 


contribute to the formation of mountains? 
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Geosynclines are long, narrow, and shallow water depressions that 
have played a crucial role in the Earth's geological history. Their 
continuous sedimentation and subsidence have contributed to the 
formation of mountains and other landforms. The concept of 
geosynclines has evolved over time, thanks to the work of various 
geologists and geographers who have further developed and refined 


the theory. 


What is the difference between 
monogeosynclines, polygeosynclines, 


and mesogeosynclines? 


Monogeosynclines are long, narrow, and shallow water tracts that 
undergo only one cycle of sedimentation and mountain building. 
Polygeosynclines are long and wide water bodies that have 
relatively longer lifespans and more complex evolutionary histories, 
experiencing more than one phase of orogenesis. 
Mesogeosynclines are very long, narrow, and mobile ocean basins 
that are surrounded by continents on all sides, characterized by 


great abyssal depths and long, complex geological histories. 


How do the concepts of Hall and Dana, E. 
Haug, J.W. Evans, and Arthur Holmes 
contribute to our understanding of 


geosynclines? 


The concepts of Hall and Dana were the first to define geosynclines 
and establish a connection between them and folded mountains. E. 
Haug further developed the concept, identifying major geosynclines 
and their relationships with rigid landmasses. J.W. Evans 
emphasized the diversity of geosynclines in terms of their forms and 
locations. Arthur Holmes contributed by explaining the possible 
origins and causes of geosynclines, as well as the processes 


involved in sedimentation, subsidence, and orogenesis. 


What are the three main stages of 


geosynclinal history? 


The three main stages of geosynclinal history are lithogenesis (the 
stage of geosyncline formation, sedimentation, and subsidence of 
geosynclinal beds), orogeneis (the stage of squeezing and folding of 
geosynclinal sediments into mountain ranges), and gliptogenesis 
(the stage of the gradual rise of mountains and their denudation and 


consequent lowering of their heights). 


5. How do recent views on mountain building differ from the views of Schuchert? 


Ans. Recent views on mountain building differ from Schuchert's views in terms of the mechanism and 


driving forces behind mountain formation. While Schuchert attributed mountain building to the 


accumulation of sediments in geosynclines, recent views emphasize the role of plate tectonics and the 


collision of tectonic plates. Plate tectonics provide a more comprehensive understanding of mountain 


building processes, incorporating factors such as subduction, crustal movement, and the interaction of 


different lithospheric plates. 


3. What are the stages of geosynclines? 


Ans. Geosynclines go through several stages of development. The first stage is the initial subsidence, 


where the trough starts to form. This is followed by the accumulation of sediments, which leads to the 


second stage known as the sedimentation stage. The third stage is the tectonic or orogenic stage, 


where the sediments undergo deformation and folding, resulting in the formation of mountain ranges. 


The final stage is the uplift and erosion stage, where the mountains are gradually worn down by 


weathering and erosion processes. 


4. What are the recent views on mountain building? 


Ans. Recent views on mountain building emphasize the role of plate tectonics in the formation of 


mountains. It is now understood that the collision of tectonic plates, along with subduction and the 


movement of Earth's crust, plays a significant role in the uplift and formation of mountain ranges. This 


view is supported by geological evidence and the observation of ongoing mountain building processes 


in various parts of the world. 


1. What are geosynclines? 


Ans. Geosynclines are elongated, subsiding troughs in the Earth's crust where sedimentary deposits 


accumulate. These troughs are often associated with the formation of mountain ranges. 


2. What are the views of Schuchert regarding geosynclines? 


Ans. Charles Schuchert, an American paleontologist, proposed the concept of geosynclines in the early 


20th century. He believed that geosynclines were the primary sites of sedimentation and the source of 


materials that eventually formed mountain ranges. 


Volcanicity 


A volcano is a vent or opening through which molten lava, ash, 
gases, and other materials from the Earth's interior are released. 
The majority of volcanoes are found at convergent and divergent 
plate boundaries, while some are located within plate interiors and 


connected to hot spots. 


Types of Volcanic Eruptions 


e Icelandic eruptions are characterized by fissures that 


allow basaltic lava to flow out in large quantities. This 


type of eruption is generally non-violent and results in the 
formation of plateaus. Examples include the Columbia 
River Basalt Group in the United States and the Deccan 
Plateau in India. 

Hawaiian eruptions can involve fissures, craters, or 
calderas, and typically produce small lava domes from 
which lava and gases are released. These eruptions are 
characterized by fire fountains and relatively low amounts 


of gas emissions. 


e Strombolian eruptions create stratovolcanoes, where 
the lava flows out and solidifies in layers. These 
eruptions involve rhythmic to continuous explosions 
caused by the intermittent release of gas. Additionally, 
they can eject clots of lava, which result in the formation 
of bombs and scoria. 

e Vulcanian eruptions also form stratovolcanoes, but their 
associated lava is more viscous. The eruptions can be 
more violent due to the formation of a solid crust over the 
vent, leading to a buildup of gas pressure. These 
eruptions typically involve the ejection of bombs, pumice, 
and ash, followed by lava flows from the top or flank of 
the volcano. 

e Vesuvian eruptions are extremely violent and involve 
the explosive release of gas-charged magma from a 
stratovolcano vent. These eruptions usually occur after a 
period of relative calm and involve the ejection of lava in 
an explosive spray, accompanied by gas clouds that can 
reach great heights and deposit tephra. 

° Plinian eruptions are a more intense form of Vesuvian 
eruptions, characterized by the rapid upward movement 
of gas clouds that can extend for several miles. These 
clouds are typically narrow at the base and expand 
outward at higher elevations, but they generally contain 
low amounts of tephra. 

° Pelean eruptions result from high-viscosity lava and 
delayed explosiveness. The conduit of a stratovolcano 
can become blocked by a dome or plug, with gas 
escaping through lateral openings or by the destruction 
or uplift of the plug. 

° Katmaian eruptions are a variant of Pelean eruptions, 
characterized by the massive release of fluidized ash 
flows and widespread explosive tephra. These eruptions 
commonly produce ignimbrites and can also lead to the 


formation of hot springs and fumaroles. 
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Classification of Volcanoes 
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On the basis of material erupted: 


1. Basalt cone: basalt cones are very rare. They are low 

rather than high because of the fluidity of basaltic lava. 
e Ex- Rangitoto (New Zealand) and Skjaldbreit 
(Iceland) are the most suitable examples. 

2. Basalt dome: basalt domes are flat domes formed by 

fluid basalt lava. They are less in height and broad. 
e Hawaiian volcanoes are the best example. 

3. Ash and cinder cones: these are high volcanoes 
formed by high viscous lava. Ash and cinder cones are 
built where eruptions are the explosive type with 
predominance of pyroclastic material. The growth of an 
ash or cinder cone begins around a crater. 

4. Composite or Strato cone: they are formed by alternate 
sheets of lava and pyroclastic material. It is formed by 
alternate periods of explosive and quiet eruptions. Most 
of the largest volcanoes of the world fall under this 
category. 

e Mt Fujiyama of Japan, Vesuvian of Italy, 
Cotapaxi, and Chimborazo of Equador are 


good examples. 


What are the two types of lava that can be produced during 
volcanic eruptions? A. Basaltic lava and Acidic lava B. Shield 


lava and Cinder lava C. Fluid lava and Explosive lava D. Hot lava 


and Cold lava 


On the basis of periodicity 


1. Active volcanoes: volcanoes that constantly eject lava, 
gases, ash, cinder, etc. are known as active volcanoes. 
There are about 600 active volcanoes in the world, most 
of them being around the pacific “ring of fire”. 

e The Stromboli volcano erupts so much fire that it 
has been termed as the lighthouse of the 
Mediterranean. 

2. Dormant volcano: A volcano that has not erupted for a 
long time but still has the probability of eruption is called 
a dormant volcano. Mt Kilimanjaro is one such 
volcano. 

3. Extinct volcano: a volcano that functioned in a long 
geological past but is no longer active is called an extinct 


volcano. They are only the remnants of the volcanoes. In 


many of the cases crater, lakes are formed by filling of 
water into craters. 
e Aconcagua of Andes is a typical example of an 


extinct volcano. 


Volcanic Mountains 


These mountains are made of volcanoes (made of material 


ejected from fissures in the earth’s crust) 


The material includes: 


e Molten lava 

e Volcanic bombs 
e — Cinders 

e — Ashes 


e Dust and liquid mud 


side vent 


These materials fell around the vent in successive layers, 
building up a characteristic volcanic cone. 
These mountains are often called as mountains of 


accumulation. 


Example: 
e Mt. Fuji (Japan) 
e Mt. Merapi (Sumatra) 
e Mt. Mayon (Philippines) 
e Mt. Agung (Bali) 
e Mt. Cotopaxi (Ecuador) 
Plateaux 


Elevated upland with extensive leveled surfaces and usually 


descend steeply to the surrounding lowland. 


e Also known as Tablelands 

e Most highlands are subject to the erosional process and 
so, plateaux are no exception. 

e According to the mode of formation and physical 
appearance, the plateau is of 3 types — Tectonic, 


Volcanic, and Dissected. 
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Tectonic Plateaux 


e As the name suggests they are formed because of 
Movements inside the earth which sometimes caused 
uplifting of leveled land. 

e They have uniform altitude and considerable size. 

e Example — Deccan plateau (India) 

° Meseta of central Iberia (tilted tectonic plateau) 


e Harz of Germany (faulted) 


Intermontane Plateaux 


e Plateaus enclosed by fold mountains (Intermontane 
means situated between mountains) 

e Example — Tibet plateau between Himalayas and Kunlun 

e The intermontane plateaus are some of the most 


extensive and highest plateaux in the world. 


Volcanic Plateaux 


e Similar to the volcanic mountains, the volcanic plateau 
formed from the solidification successive layers 
deposited by basaltic lava which comes from inside the 
earth. 

e Also known as lava plateau 

° Example- 

e Antrim plateau of Northern Ireland 
° The northwestern part of Deccan plateau 


e Columbia — Snake plateau 


Dissected Plateaux 


e As the name dissected suggests, they are as a result of 
weathering and erosion by running water, ice and winds 

e Weathering and erosion and gradually worn down and 
made surfaces irregular 

° In Humid highland, stream and sometimes glaciation cut 
deep narrow valleys in the plateau which are dissected 
plateaux 

e Example — Scottish Highlands 

e In drier countries, vertical corrosion by rivers and 
abrasion by winds will dissect the plateau into 
steep-sided tabular masses termed mesas and buttes, 
intersected by deep canyons. This is a common feature 
of arid and semi-arid areas, e.g. in the south-western 
USA 

° Mineral-rich — Mot plateau are mineral-rich 


. Example- 


e African plateau — Gold, Diamond, copper, 
manganese, and chromium 

e Brazilian plateau — Iron and Manganese 

e Deccan plateau — Manganese, Coal, and Iron 


e Western Australia plateau — Gold and Iron 


Types of Plains 


A plain can be — 


e Level or undulation 


e Rises up to 100 feet above sea level 


These are the best land in a country and intensively cultivated and 
populated. Economic importance of a plain increases if a river also 
passes through it. 


Example: 


° Indo — Gangetic plains 
e Mississippi plain 


e — Yangtze plain 


Some most extensive temperate plains are grasslands like Russian 
steppes, North American Prairies and Argentina Pampas. 

On the basis of their formation 3 types — Structural, depositional 
and erosional plains. 


Structural Plains 


e Structurally depressed areas of the world 
e Most extensive natural lowlands 
e Because they are formed from the horizontally 
bedded rocks they are relatively undisturbed by 
the crustal movements of the earth. 
e Example — 
° Great plains of the Russian 
platform 
e Great plains of USA 


° Central lowlands of Australia 


Depositional Plains 


e The deposition name itself suggests that these plains are 
formed by the deposition of materials brought by various 
agents of transportation. 

° Rise towards adjacent highlands 

° Their fertility and economic development depend on 
types of sediments that are deposited by transportation. 

e Active erosion(by the river) in the upper course results in 


the large quantities of alluvium brought down to the lower 
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course and deposited to form extensive alluvial plains, 
flood plains, and deltaic plains. 

e These are most productive in agriculture. 

° Example — Mile delta of Egypt (Rice and cotton) & 


Ganges delta (Rice and Jute). 


Landforms Associated with 


Vulcanic Activities 


Volcanic activity affect Earth’s landforms. Solid, liquid or 
gaseous materials may find their way to the surface from some 
deep-seated reservoir beneath. For example — Geyser and 
springs, volcanic eruption, sometimes gas sources are found. 
Molten magma is a mobile rock. It mostly enters weak portions 


of the crust. 


The resultant landforms depend on many factors like — 


e Strength and fluidity of the magma 
e Types of cracks, faults, and joints penetrated by magma 


° The manner in which magma escapes to the surface. 


Intrusive landforms — Magma while thrusting its way up to the 


surface may cool and solidify within the crust as plutonic rocks. 


Vent 


Laccolithic dome 
Lavo flow 


Extrusive landforms — Magmas that reach the surface and 


solidify, form extrusive landforms. 


old layers 
of lava V 


side vent 


Types of Igneous Rocks 


Intrusive 


Landforms of Igneous Intrusions 
Sill- 


e Sill: Intrusion of molten magma horizontally along the 
bedding planes of sedimentary rocks. 

° Denudation of overlying sedimentary strata in sill 
exposes the intrusion which looks like bold escarpment 
(a steep slope or cliff, such as one which marks the edge 
of a range of hills) 


e Example — Great whin sill of NE England 


Dyke- 


° Dyke — intrusion of molten magma vertically 
° Denudation results — Upstanding walls or shallow 
trenches 
e Example- 
e Cleveland Dyke of Yorkshire, England 
e Isles of Mall and Arran in Scotland 


e Quartzite dyke, North of Kuala Lumpur 


Batholith“ 


Liths — igneous intrusions on a larger scale 

Various types of liths — Laccolith, Lopolith, Phacolith, Batholith. All of 
them took place differently in the Earth’s crust and solidified within 
the upper layers of the crust. 


Laccolith 


e Large blister or igneous mound with a dome-shaped 
upper surface and a level base fed by a pipe-like conduit 
from below. 

e Shape similarity — Dome 


e Example — Henry mountains, Utah, USA 


PLUTONS & VOLCANIC LANDFORMS 


Volcanic 


Batholith 
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Lopolith 


e A large igneous intrusion which is lenticular in shape with 
a depressed central region. 
e Shape similarity — Saucer 


e Example — Bushveld lopolith of Transvaal, South Africa 


Fresh 
lava flow 


Phacolith 


e Igneous rocks occupying the crest of an anticline or the 
bottom of a syncline and fed by a conduit which is below 
it. 

e Shape similarity — Lens 


e Example — Corndon hill in Shropshire, England 


Batholith 


e A very large igneous intrusion extending to an unknown 
depth in the earth’s crust. 

e Shape similarity — irregular shape 

e Example- 

e Wicklow Mountains of Ireland 

° Uplands of Britanny, France 

° Main Range of West Malaysia 

e The orientation of Batholith — 

° It is believed that large masses of magma that 
were going up came into contact with country rock 
and metamorphosed them. 

e These metamorphosed rocks with solidified 


magma gave rise to extensive Batholiths. 


Origin of Volcanoes 


° We have read those volcanic activities are associated 
with crustal disturbances and mostly takes place where 
the crust has a weak portion because of faulting or 
folding. 

e As we go deep inside crust temperature increases (1°F 
increase with 65 feet) and so we can expect the interior 
of the earth in the semi-molten state which could consist 
of solid, liquid, and gaseous material, collectively called 
as magma. 

e Gases like — carbon dioxide, sulphurated hydrogen, and 
small proportions of Nitrogen chlorine, and other volatile 
substances charged magma heavily. 

e Gases and vapor increase the mobility and 


explosiveness of Lava. 


Types of lava 


° Basaltic lava 


e Acidic lava 


All volcanoes pass through Active, Dormant, and Extinct stages but 
we are not sure about when they will be extinct. Example — Mt. 
Vesuvius and Mt. Krakatau. Both known as extinct but erupted 
violently. 


Extrusive Landforms 


e Nature and composition of Lava and ejected materials 
which reach the surface of the earth. 

e As we have already read that basic lava is very fluid and 
it flows for long distances resulting in extensive lava 
plains. 

° Example — our Deccan plateau has formed in a similar 
way & Snake basin, USA. 

° Basalt plateau example — NW Deccan and also found in 


Iceland. 


Volcanic Cones 


° Highly fluid lava (i.e. Basic lava) forms lava domes or 
Shield volcanoes (with gently rising slopes and Broad, 
flattened tops) 

° Example — Hawain volcano (best-developed lava domes) 

e Mauna Loa 

° Kilauea (steep-walled caldera with lava pit of 


Halemaumau) 


Cinder Cone 


e Less fluid lavas (i.e. acid lava) forms — Ash and cinder 


cones (with large central craters and steep slopes) 
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° They are small volcanoes (not greater than 1000 feet 
height) 

. Example — Mt. Nuovo (near Naples) & Mt. Paricutin 
(Mexico) 

e They form — Lava tongue, lava dammed lakes, lava 


bridges, lava tunnels 


What comes out from the vent of the Volcano and what 
they do? 


e Fine particles (Volcanic dust) are shot high in the sky. 
They can travel worldwide before coming to earth. 

e They came down in the form of “Black Snow” and can 
bury houses or people. 

° Pyroclasts — coarser fragmental rocks which include 
lapilli (rock fragments ejected from a volcano), scoria 
(basaltic lava ejected as fragments from a volcano, 
typically with a frothy texture), pumice and volcanic 


bombs. 


Composite Cones 


° Most volcanoes have this kind of cone. 

e Built by — Several eruptions of lava, ashes and other 
volcanic materials (come out through conduit from the 
main conduit from magma chamber/reservoir) which 
forms a lot of layers and increases the height. 

° From the main conduit subsidiary pipes or dykes reach 
the surface as a feeder to parasitic cones (like water 
pipelines in our house from a main big pipeline). From 
these subsidiary pipes, lava comes out to the sides of the 
cone. 

e Example — 

° Mt. Etna (Sicily) 

° Mt. Stromboli (Lighthouse of Mediterranean) 
e Mt. Vesuvius 

e Mt. Fuji 

e Mt. Popocatepetl 


° Mt. Chimborazo 


Caldera Cone 


Crater formation — during an eruption the material from the top 
of the cone is blown off or collapses into vent widening the 


orifice into a large crater. 


e Greatly enlarged depressions are called Calderas 


° These are the result of violent eruptions 
accompanied by the subsidence of much of the 
volcano into the magma beneath. 

e Water may collect in the crater or the caldera-forming 


crater or Caldera lakes e.g. Lake Toba in Sumatra. 


Some Volcanic Eruptions 


Mt. Vesuvius 


° A somma-stratovolcano located on the Gulf of Naples in 
Campania, Italy 

e Vesuvius has erupted many times since and is the only 
volcano on the European mainland to have erupted 
within the last hundred years. 

e Today, it is regarded as one of the most dangerous 
volcanoes in the world because of the population of 
3,000,000 people living nearby. 

e Vesuvius was formed as a result of the collision of two 
tectonic plates, the African and the Eurasian. The former 


was subducted beneath the latter, deeper into the earth. 


Mt. Krakatau 


e A volcanic island situated in the Sunda Strait between the 
islands of Java and Sumatra in the Indonesian province 
of Lampung. 

° The most notable eruptions of Krakatoa culminated in a 
series of massive explosions over August 26-27, 1883, 
which were among the most violent volcanic events in 
recorded history. 

e The 1883 eruption ejected approximately 25 km3 (6 cubic 
miles) of rock (OMG) 

e After remaining dormant for almost half a century, an 
eruption m 1927 pushed up a cinder cone from the 
submarine floor. 

e This new volcanic island was named Anak Krakatau, 


meaning ‘the child of Mt. Krakatau’. 


Mt. Pelee 


e A semi-active volcano at the northern end of Martinique, 
an island in the Lesser Antilles island arc of the 
Caribbean. 

° Its volcanic cone is composed of layers of volcanic ash 
and hardened lava. 

e The volcano is currently in a dormant state. 


° Erupted white-hot lava and super-heated steam. 
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Kilauea-Hawaii 


e Kilauea is Hawaii's most active volcano and parts of it 
have been continuously erupting since January 3, 1983. 
But the last major volcanic eruption at Kilauea was in 


2014 and lasted for several months. 


Mount Etna-ltaly 


e Europe’s biggest active volcano, Mount Etna-erupted 


recently. 


The Distribution of Volcanoes in The World 


e Volcanoes are mostly located in intensely folded or 
faulted regions 

e Active volcanoes — 500 

e Dormant and extinct volcanoes — 1000s 

e Occurrence — Coastal mountain ranges, off-shore islands 
and in the midst of oceans, but there are few in the 


interiors of continents. 


Pacific Region 


e Greatest concentration — circum pacific region (Pacific 
ring of fire) — Includes 2/3rd world’s volcanoes. 

e The western pacific — chain starts from the Aleutian 
Islands, Japan extending in the south up to the 
Philippines, Indonesia (Java and Sumatra particularly), 
pacific islands of Solomon, New Hebrides, Tease and 
North Island, New Zealand. 

e Eastern pacific — Starting from Andes to Central America 
(particularly Guatemala, Costa Rica and Nicaragua), 


Mexico and right up to Alaska. 


“Ring of Fire 


| 


J% Major active volcanoes 


Atlantic 


e Few volcanoes 

e Many dormant or extinct 

e Example — Madeira, Ascension, St. Helena, Cape Verda 
Island. and Canary Island 


e Active — Iceland and Azores 


Mediterranean 


e In alpine — folds — Vesuvius, Etna, Stromboli, and the 


Aegean Islands 


Asia 


e Mt. Ararat (recall with “are rat” or “Airavat” (Indra’s 
elephant name)) 

e Mt. Elbrus (elbows or eyebrows) 

e It’s interesting and surprising that the Himalayas have 


no active volcanoes. 


Africa 


e Mt. Kilimanjaro and Mt. Kenya (east African rift valley — 
extinct) 

° Mt. Cameroon — an only active volcano of west Africa. 

° Madagascar — some volcano cones but not active 
volcanoes 

e West Indian islands — Mt. Pelee and St. Vincent (violent 
explosion in recent times) 

° Lesser Antilles — made of volcanic islands 


e Interior volcanoes in continents — rare. 


Most Recent Volcanic Eruptions 


° Stromboli — Italy 

e  Dukono — Indonesia 

e Ibu- Indonesia 

e Sangeang Api — Indonesia 

e Krakatau — Indonesia 

e Merapi — Indonesia 

e Kerinci — Indonesia 

e — Karangetang — Indonesia 

e Barren Island — Andaman and Nicobar, India 
e Sinabung — Indonesia 


e — Semeru volcano — Indonesia’s East Java province 


Which type of plateau is formed due to the solidification of 
successive layers deposited by basaltic lava? A. Tectonic 
Plateau B. Intermontane Plateau C. Volcanic Plateau D. Dissected 


Plateau 


Geysers and Hot Springs 


Geysers 


° Fountains of hot water and superheated steam. 
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e It can sprout up to the height of 150 feet from under the 


earth. 


How do geysers work? 


e Water near the volcanic or thermal region is 
heated beyond the boiling point. 

e The jet of water emitted with the explosion and it 
is triggered or cause any gases which seep out 


from heated rocks 


Where they are found? 


e Mostly in 3 areas — 
e Iceland 
e — New Zealand — Rotorua district of North Island 
. USA — Yellowstone Park (old faithful — world’s 


best-known geyser) 


Hot Spring 


e It can be found anywhere on the Earth where water is 
sinked deep enough beneath the surface to be heated by 
interior forces. 

e Rises without any explosion (in geyser explosion is there) 

e Contains — dissolved minerals 

e Uses — dissolved minerals, heat house, swimming pools, 
and domestic purposes. 

e Locations — Honduras, Canada, Chile, Hungary, Iceland, 


Israel, Japan, New Zealand, Fiji, and the United State 


geyser 


+—— superheated 


porous rock 


ZU 
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Semeru Volcano 


° Semeru — also known as “The Great Mountain” — is the 
highest volcano in Java and one of the most active. 

° It previously erupted in December 2019. 

e Indonesia, with the maximum number of active volcanoes 
in the world, is prone to seismic upheaval due to its 
location on the Pacific's Ring of Fire. 

e — Semeru volcano is also part of the Island arcs formed by 
the subduction of the Indo-Australian plate below Sunda 
Plate (part of Eurasian Plate). The trench formed here is 
called the Sunda trench whose major section is the Java 


Trench. 


Mt Merapi 


° Merapi (Mountain of Fire) is the most active of 
Indonesia’s 130 active volcanoes. 

° It rises to 2,911 meters and has steep slopes with dense 
vegetation on its lower sides. 

e It is located near the center of the island of Java and 
Indonesia’s cultural capital, Yogyakarta. 

° Mt Merapi’s last significant eruption was in 2010. At that 
time, more than 300 people were killed and some 
2,80,000 residents were forced to evacuate the 


surrounding areas. 


Conclusion 


Volcanic eruptions and their resulting landforms significantly 
impact the Earth's surface. Various types of eruptions, such as 
Icelandic, Hawaiian, Strombolian, Vulcanian, Vesuvian, Plinian, 
Pelean, and Katmaian, create diverse landforms like plateaus, 
volcanic mountains, and plains. The composition of lava and 
the manner in which it escapes the Earth's crust determines the 
formation of intrusive and extrusive landforms. Furthermore, 
volcanic activities are associated with crustal disturbances, 
which mostly take place in the weak portions of the crust due to 


faulting or folding. As such, understanding volcanic eruptions, 
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their types, and the landforms they create is crucial for 
comprehending the Earth's geological processes and 


landscape evolution. 


What are the different types of volcanic 


eruptions? 


There are several types of volcanic eruptions, including Icelandic, 
Hawaiian, Strombolian, Vulcanian, Vesuvian, Plinian, Pelean, and 
Katmaian eruptions. These eruptions differ in the level of violence, 


the type of lava produced, and the resulting landforms created. 


How are volcanoes classified based on 


the material erupted and periodicity? 


Volcanoes are classified into basalt cones, basalt domes, ash and 
cinder cones, and composite or strato cones based on the material 
erupted. They can also be classified as active, dormant, or extinct 


based on their periodicity. 


What are some examples of volcanic 


mountains and plateaux? 


Examples of volcanic mountains include Mt. Fuji (Japan), Mt. Merapi 
(Sumatra), Mt. Mayon (Philippines), Mt. Agung (Bali), and Mt. 
Cotopaxi (Ecuador). Examples of volcanic plateaux include the 
Antrim plateau of Northern Ireland, the northwestern part of the 


Deccan plateau, and the Columbia-Snake plateau. 


What are the different types of plains and 


their formation? 


Plains can be classified into structural, depositional, and erosional 
plains based on their formation. Structural plains are formed due to 
the Earth's crustal movements, while depositional plains are created 
by the deposition of materials brought by various agents of 
transportation. Erosional plains are formed as a result of weathering 


and erosion by running water, ice, and winds. 


What are the different types of landforms 


associated with volcanic activities? 


Volcanic activities can result in both intrusive and extrusive 
landforms. Intrusive landforms include sills, dykes, and various 
types of liths (laccoliths, lopoliths, phacoliths, and batholiths). 
Extrusive landforms include volcanic cones, lava domes, ash and 


cinder cones, and composite cones. 
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5. What are igneous intrusions and their associated landforms? 


Ans. Igneous intrusions refer to the underground movement of magma, which solidifies and forms 
igneous rocks. These intrusions can create various landforms, such as batholiths, dikes, and sills. 
Batholiths are large bodies of intrusive igneous rocks that form deep beneath the Earth's surface. They 
are often exposed through erosion and form mountain ranges. Dikes are vertical or near-vertical 
sheets of magma that cut across existing rock layers. Sills are horizontal or near-horizontal intrusions 
that form between existing rock layers. They can create prominent landscape features, such as cliffs or 


steps. 


1. What are the different types of volcanic eruptions? 


Ans. There are several types of volcanic eruptions, including effusive eruptions, explosive eruptions, 
phreatomagmatic eruptions, and pyroclastic eruptions. Effusive eruptions occur when magma reaches 
the surface and flows out gently, forming lava flows. Explosive eruptions involve the sudden release of 
trapped gases in the magma, resulting in a violent explosion. Phreatomagmatic eruptions occur when 
magma interacts with water, causing steam-driven explosions. Pyroclastic eruptions involve the 


ejection of hot ash, rocks, and gas into the air, creating pyroclastic flows. 


2. How are volcanoes classified? 


Ans. Volcanoes are classified based on their shape, size, and eruption style. The two main types of 
volcanoes are shield volcanoes and stratovolcanoes. Shield volcanoes have broad, gently sloping sides 
and are formed by repeated eruptions of fluid lava flows. Stratovolcanoes, on the other hand, are tall 
and steep with layers of lava, ash, and volcanic rocks. They are formed by alternating eruptions of 


explosive and effusive lava. 


3. What are volcanic mountains? 


Ans. Volcanic mountains, also known as volcanic cones or volcanic peaks, are mountains that are 
primarily formed by volcanic activity. They are created when magma rises to the surface and erupts, 
depositing layers of lava, ash, and other volcanic materials. Over time, repeated eruptions build up the 
mountain, forming a distinct cone shape. Examples of volcanic mountains include Mount Vesuvius in 
Italy and Mount Fuji in Japan. 


4. What are the landforms associated with volcanic activities? 


Ans. Volcanic activities can create various landforms, including calderas, volcanic craters, lava domes, 
volcanic islands, and volcanic plateaus. Calderas are large, bowl-shaped depressions that form when 
the roof of a volcano's magma chamber collapses after a large eruption. Volcanic craters are circular 
depressions at the summit of a volcano, often formed during explosive eruptions. Lava domes are 
mounds of thick, viscous lava that accumulate around a volcanic vent. Volcanic islands are formed 
when volcanic eruptions occur underwater, creating new land masses. Volcanic plateaus are extensive, 


flat areas of land formed by repeated volcanic eruptions over long periods. 
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Earthquakes and Tsunamis 


Earthquake 


° An earthquake refers to the shaking or trembling of the 
Earth's surface, which occurs due to a sudden release 
of energy within the Earth's lithosphere. This energy 
takes the form of seismic waves, which travel through 
the surface layers of the Earth. Earthquakes can be 
caused by various factors, such as faulting, folding, 
plate movements, volcanic eruptions, and 
human-made factors like dams and reservoirs. 

e Among all natural disasters, earthquakes are the most 
unpredictable and have the potential to cause 
significant destruction. Earthquakes can range in 
severity from minor tremors, which are caused by 
gentle waves of vibration within the Earth's crust and 
occur frequently, to major earthquakes that result from 
movement along faults. These major earthquakes can 
be particularly devastating, especially in densely 


populated areas. 


Earthquake-Related Terminology 


° Earthquake intensity: The measure of the severity of 
shaking produced by an earthquake at a given 
location. 

° Earthquake magnitude: The measure of the energy 
released by an earthquake. 

° Richter Scale: A scale developed by Charles F. 
Richter in 1935 to quantify the magnitude of an 
earthquake. 

. Mercalli Scale: A seismic scale used to measure the 
intensity of an earthquake by observing its effects on 
people and structures. 

° Fault: A fracture or zone of fractures in the Earth's 
crust where rocks on either side have moved relative to 
each other. 

° Focus (or hypocenter): The point within the Earth 
where an earthquake begins. 

e Epicenter: The point on the Earth's surface directly 


above the focus. 


e Seismic wave: Waves of energy caused by the 
sudden breaking of rock within the Earth, which travel 
through the Earth and are recorded on seismographs. 

e Seismograph: An instrument used to detect and 


record seismic waves. 


Focus and Epicenter 

The focus, or hypocenter, is the starting point of an earthquake 
within the Earth. The epicenter is the point on the Earth's surface 
directly above the focus. The intensity of the earthquake is highest 
at the epicenter and decreases as one moves away from it. 
Richter Scale 

The Richter magnitude scale measures the energy released by an 
earthquake. The scale ranges from 0 to 9, with each whole number 
increase representing a tenfold increase in shaking amplitude and a 
31.6 times increase in energy released. 

Mercalli Scale 

The Mercalli intensity scale measures the effects of an earthquake 
on people, structures, and the Earth's surface. The scale ranges 
from 1 to 12, with higher numbers representing more severe effects. 
Seismic Waves 

Seismic waves are energy waves that result from the sudden 
breaking of rock within the Earth. There are two main types of 
waves: body waves and surface waves. 


Body Waves 


e Primary waves (P-waves): These are the fastest 
seismic waves, capable of moving through gases, solid 
rock, and fluids. P-waves cause rocks to move back 
and forth, similar to the movement of sound waves 
through the air. 

e Secondary waves (S-waves): These waves are 
slower than P-waves and can only travel through solid 
rock. S-waves cause rocks to move up and down or 


side-to-side and arrive at the surface after P-waves. 


Surface Waves 


e Love waves (L-waves): Named after British 
mathematician A.E.H. Love, these waves are the 
fastest surface waves, moving the ground from 
side-to-side. 

° Rayleigh waves: These waves cause the ground to 
move in an elliptical motion, with both vertical and 


horizontal components. 


Particle 
motion 


Wave 
propagation 


Rayleigh Waves 


e The other kind of surface wave is the Rayleigh wave, 
named after Lord Rayleigh. 

° A Rayleigh wave rolls along the ground just like a 
wave rolls across a lake or an ocean. 

e Because it rolls, it moves the ground up and down, 
and side-to-side in the same direction that the wave is 
moving. 

° Most of the shaking felt from an earthquake is due 
to the Rayleigh wave, which can be much larger 


than the other waves. 


Classification of Earthquake 


1. Classification of Earthquakes Based on Causative 


Factors: 


Natural Earthquakes: 


e Volcanic: Caused by volcanic activity 

e Tectonic: Caused by movement of tectonic plates 

° Isostatic: Caused by adjustments of the Earth's crust 
due to changes in weight distribution 

° Plutonic: Caused by the movement of magma 
beneath the Earth's surface 

e Artificial Earthquakes: Human-induced, such as 


those caused by mining or reservoir construction 


2. Classification of Earthquakes Based on Depth of Focus: 


° Shallow focus (0-50 km): Earthquakes with a focal 
depth of less than 50 km 

° Intermediate focus (50-250 km): Earthquakes with a 
focal depth between 50 and 250 km 

° Deep focus (250-700 km): Earthquakes with a focal 


depth greater than 250 km 


3. Classification of Earthquakes Based on Human 


Casualties: 
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e Moderate: Earthquakes resulting in fewer than 50,000 
deaths 

° Highly hazardous: Earthquakes resulting in 51,000 to 
100,000 deaths 

° Most hazardous: Earthquakes resulting in more than 


100,000 deaths 


Global Distribution of Earthquakes: Earthquake distribution 
around the world is closely related to the distribution of volcanoes. 
The areas with the highest seismic activity are found in the 
Circum-Pacific regions, with the most frequent earthquakes 
occurring along the "Pacific Ring of Fire." Approximately 70% of all 
earthquakes take place in this belt. 

Another 20% of earthquakes occur in the Mediterranean-Himalayan 
belt, which includes Asia Minor, the Himalayas, and parts of 
northwestern China. 

The remaining 10% of earthquakes occur within the interiors of 


tectonic plates and at spreading ridge centers. 


Earthquake Causes 


Earthquakes are primarily caused by an imbalance or 
dis-equilibrium in the Earth's crust. This imbalance can be 


attributed to various natural and man-made factors. 


1. Natural Causes: 


e Volcanic eruptions 

e Faulting and folding 

e Upwarping and downwarping 

° Expansion and contraction of gases within the Earth 
e Movement of tectonic plates 


e Landslides 


2. Anthropogenic (Man-made) Causes: 


° Deep underground mining 

e Blasting of rocks with dynamite for construction 
purposes 

e Deep underground tunnels 

e Nuclear explosions 

e Reservoir-Induced Seismicity (e.g., the 1967 Koyna 
Reservoir earthquake) 

° Hydrostatic pressure from man-made water bodies like 


reservoirs and lakes 


Plate tectonics offer the most logical explanation for the occurrence 
of earthquakes and volcanoes. Earthquakes usually occur along 
three types of plate boundaries: convergent, divergent, and 


transform. 


e In India, earthquakes are more frequent in areas where 


the Indian Plate converges with the Eurasian Plate, 


such as the Himalayan region. Although the peninsular 
part of India is generally considered a stable block, 
occasional earthquakes are felt along the margins of 
minor plates, like the 1967 Koyna earthquake and the 
1993 Latur earthquake. 

e Indian seismology experts have classified the country 
into four seismic zones: Zone II, Zone III, Zone IV, and 
Zone V. The highest and high-risk categories, Zone V 
and Zone IV, include the entire Himalayan region, the 
northeastern states, Western and Northern Punjab, 
Haryana, Uttar Pradesh, Delhi, and parts of Gujarat. 
The remaining parts of the northern plains and western 
coastal areas fall under the moderate-risk zone, while 
a large portion of the peninsular region is in the 


low-risk zone. 


Seismic zones in India 


Zone II 
[Zone m1 


Chennai | Zone IV f ki 
| | Zone V i 
ko 
* 


Bureau of Indian Standards 


Consequences of Earthquake 


Impact of Earthquakes 


Earthquakes can cause significant damage to human life and 
property due to the deformation of the ground surface resulting from 
the vertical and horizontal movement of the Earth's crust. For 
instance, the 2015 Nepal earthquake, which had a magnitude of 7.8 
and a depth of 8.2 km, led to massive casualties and destruction 
due to poorly designed buildings and unscientifically constructed 
structures in urban areas. The city of Kathmandu experienced 
significant damage, with a death toll of around 8,000 people and an 


economic loss of 10 billion USD. 


e Landslides and Avalanches: In mountainous regions, 
earthquake tremors can lead to slope instability and 
failure, resulting in landslides as debris falls down the 
slope. Additionally, large masses of ice may become 
dislodged from snow-covered peaks due to earthquakes, 


causing avalanches. For example, the 2015 Nepal 
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earthquake triggered several avalanches around Mount 
Everest, while the 2011 Sikkim earthquake led to 
landslides and significant damage to life and property, 
particularly the Singik and Upper Teesta hydropower 
projects. 

e Floods: Earthquakes can cause severe disruption to 
dams and reservoirs, potentially leading to flash floods. 
Landslides and avalanches can also block river courses, 
contributing to flooding. The 1950 Assam earthquake, for 
instance, created a barrier in the Dihang River due to the 
accumulation of massive debris, causing flash floods in 
the upstream section. 

e Tsunamis: Tsunamis are waves generated by the 
disruption of ocean basins and the displacement of large 
volumes of water. Seismic waves from an earthquake 
can displace the seafloor and create high sea waves, 
such as tsunamis. The 2004 Indian Ocean tsunami, 
which occurred on December 26th, was caused by an 
earthquake off the coast of Sumatra. The event was 
triggered by the subduction of the Indian plate under the 
Burmese plate, killing around 240,000 people in countries 
surrounding the Indian Ocean. 

° Fukushima Nuclear Accident: The 2011 Tohoku 
earthquake in Japan, which had a magnitude of 9, 
resulted in tsunami waves reaching heights of 10 meters 
due to an undersea earthquake. These waves destroyed 
the emergency generators that cooled the reactors at the 
Fukushima Daiichi nuclear plant, leading to nuclear 
meltdown and radioactive fallout. The incident became a 


global concern as the radiation spread worldwide. 


Earthquake Management 


Earthquake management involves organizing and managing 
resources and responsibilities to address all humanitarian aspects of 
emergencies, with the goal of minimizing the negative effects of 
such hazards. Earthquake management encompasses everything 
from pre-earthquake risk reduction measures to post-earthquake 


recovery efforts. 


e Risk Recognition: The first step in earthquake 
management is identifying areas that are more 
susceptible to earthquakes. This helps in prioritizing 
resources and planning for potential disasters. 

° Earthquake Monitoring and Early Warning 
Systems: Accurately predicting the occurrence of an 
earthquake in a specific region remains a challenge for 
seismologists. However, the focus has shifted towards 


developing earthquake forecasting systems to mitigate 
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the impact of potential disasters. For example, Japan 

has implemented an earthquake early warning system 

that utilizes electronic signals, which travel faster than 

earthquake waves, to provide advance notice of an 

impending quake. e 
° Structural Solutions: Historical data reveals that over 

95% of lives lost in earthquakes are due to the collapse 

of non-earthquake resistant buildings. Constructing 

earthquake-resistant buildings is more expensive 

compared to regular structures, which poses a 

challenge for countries with limited financial resources, 

such as India. A possible solution to this issue is ° 

seismic strengthening, which involves prioritizing 

structures for retrofitting and ensuring they meet safety 

standards. To implement this approach effectively, it is 

crucial to develop an earthquake hazard map that ° 


categorizes different zones based on their vulnerability 


to earthquakes. 


& SENSORS 


Tsunami 


A tsunami is a series of large ocean waves caused by seismic 
activity, such as earthquakes, that displace large volumes of 
water. The term "tsunami" comes from the Japanese words 
"tsu," meaning harbor, and "nami," meaning wave. These 
waves can cause massive destruction in coastal areas where 


underwater earthquakes occur. 


e For a tsunami to occur, two conditions must be met: there 
must be an earthquake that transfers energy, and there 
must be a vertical displacement of water. This typically 
happens near oceanic trenches, where tectonic plates 
are being subducted. Tsunamis are not formed in areas 
where there is no sudden vertical movement, such as the 
Mid-Atlantic ridge. Seamounts breaking can also trigger 
tsunamis by causing a vertical displacement of water. 

e When a tsunami is generated, its height-to-length ratio is 
very small, which allows it to pass unnoticed beneath 
ships at sea. As the wave approaches the shore, its 


height increases rapidly due to the rebound from the 


shallow surface. The wave's period remains constant, but 
its velocity decreases and its height increases. In 
confined coastal waters, tsunamis can reach heights of 
over 30 meters. 

Tsunamis travel at speeds of 100-150 km/h in deep 
water, which can increase to 650-900 km/h. As they enter 
shallower waters near the coast, their velocity decreases 
and their height increases due to the "shoaling" effect. 
This causes a tsunami that was barely noticeable in deep 
water to grow several feet or more in height as it 
approaches the shore. 

The Pacific Ocean has the highest frequency of 
tsunamis, and since 1948, an International Tsunami 
Warning Network has been in place to alert coastal 
residents of potential dangers. 

Tsunamis can be caused by various factors, including 
earthquakes, landslides, undersea volcanoes, meteor 
and asteroid impacts, and human activities such as 
nuclear explosions. 

Since scientists cannot predict when earthquakes will 
occur, they cannot accurately predict when a tsunami will 
be generated. However, historical records and numerical 
models can help determine where tsunamis are most 
likely to occur. The most effective way to mitigate the 
impact of a tsunami is through an early warning system. 
A tsunami early warning system (TWS) detects tsunamis 
in advance and issues warnings to protect people's lives. 
It consists of two equally important components: a 
network of sensors that detect tsunamis and a 
communication infrastructure that issues timely alerts for 
evacuation of coastal areas. While it is not possible to 
predict the exact timing of a tsunami, early warning 
systems can help save lives and minimize damage by 


providing advanced notice to those in affected areas. 
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° Numerous early warning systems are in place around the 
world to alert citizens of potential natural disasters. These 
systems use various methods to communicate warnings, 
such as text messages, radio and television broadcasts, 
sirens, mosque loudspeakers, and police vehicles with 
loudspeakers. 

° India joined the International Tsunami Warning System 
following the devastating tsunami in December 2004. 
Established in 2007, the Indian Tsunami Early Warning 
Centre (ITEWC) is part of the Indian National Centre for 
Ocean Information Sciences in Hyderabad, an 
autonomous organization under the Ministry of Earth 
Sciences. The ITEWC is equipped with the Deep Ocean 
Assessment and Reporting of Tsunamis (DART) system 
and is considered one of the best in the world. 

e The ITEWC monitors seismic activity through a network 
of seventeen broadband seismic stations designed to 
detect tsunamigenic earthquakes and provide timely 
warnings to vulnerable populations. Additionally, the 
center collects data from global networks to identify 
earthquakes with a magnitude of at least 6.5. Since its 
inception in 2007, the ITEWC has monitored 339 such 
earthquakes. 

e Furthermore, the ITEWC serves as one of the Regional 
Tsunami Advisory Service Providers (RTSP) for the 


Indian Ocean region, alongside Australia and Indonesia. 


Conclusion 


Earthquakes and tsunamis are natural disasters that occur due 
to the sudden release of energy within the Earth's lithosphere, 
leading to destructive seismic waves. Various natural and 
human-induced factors contribute to the occurrence of 


earthquakes, which can be categorized based on their causes, 
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depth, and the extent of human casualties. On the other hand, 
tsunamis result from events such as earthquakes, landslides, 
and undersea volcanic eruptions, among others. These 
disasters can cause significant damage to human life, property, 
and the environment. To minimize the impacts of earthquakes 
and tsunamis, it is crucial to establish early warning systems. 
Organizations like the International Tsunami Warning System 
and the Indian Tsunami Early Warning Centre play a vital role in 
detecting tsunamis and providing timely alerts. These systems 
allow for the evacuation of coastal areas, reducing the potential 


loss of life and property during such disasters. 


What is an earthquake, and what causes 
it? 


An earthquake is the shaking of the Earth's surface, resulting from 

the sudden release of energy in the Earth's lithosphere that creates 
seismic waves. It can be caused by factors such as faulting, folding, 
plate movement, volcanic eruptions, and anthropogenic factors like 


dams and reservoirs. 


What is the difference between the Richter 


Scale and the Mercalli Scale? 


The Richter Scale measures the magnitude of energy released by 
an earthquake, with values ranging from 0 to 9. The Mercalli Scale, 
on the other hand, measures the intensity of an earthquake and its 


effects, with values ranging from 1 to 12. 


What are the different types of seismic 


waves? 


Seismic waves can be classified into two main types: body waves 
and surface waves. Body waves include Primary waves (P-waves) 
and Secondary waves (S-waves). Surface waves include Love 


Waves (L-waves) and Rayleigh waves. 


How can tsunami waves be generated? 


Tsunamis can be generated by various causes such as 
earthquakes, landslides, undersea volcanoes, and meteor or 
asteroid impacts. The displacement of a large volume of water in the 
ocean due to these events can lead to the formation of tsunami 


waves. 


What is a tsunami early warning system, 


and how does it work? 


A tsunami early warning system (TWS) is a network of sensors and 
communication infrastructure designed to detect tsunamis and issue 
timely alarms for the evacuation of coastal areas. It consists of two 


equally important components: a network of sensors to detect 
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tsunamis and a communications infrastructure to issue timely alarms What is the main purpose of a tsunami early warning 


to permit evacuation:or ihe coastalargas: system? A. To predict when earthquakes will occur B. To issue 


timely alarms for evacuation of coastal areas C. To prevent 


Which of the following factors contribute to the formation of tsunamis from forming D. To measure the height of tsunamis 
a tsunami? A. Earthquake B. Landslides C. Undersea Volcanoes 


D. All of the above 


1. What is the classification of earthquakes? 


Ans. Earthquakes can be classified into different categories based on their magnitude. The most 
commonly used classification system is the Richter scale, which measures the energy released by an 
earthquake. Other classification systems include the moment magnitude scale (Mw) and the seismic 


intensity scale (MMI). 


2. What are the consequences of an earthquake? 


Ans. Earthquakes can have various consequences, including: - Structural damage to buildings and 
infrastructure - Loss of human lives and injuries - Displacement of people from their homes - 
Disruption of essential services such as electricity, water, and communication - Triggering of 
landslides, avalanches, and tsunamis - Economic losses due to destruction of property and interruption 


of business activities 


3. How is earthquake management carried out? 


Ans. Earthquake management involves various measures to mitigate the impact of earthquakes and 
ensure the safety of affected populations. These measures include: - Developing and implementing 
building codes and regulations that ensure structural resilience - Conducting seismic hazard 
assessments to identify high-risk areas - Establishing early warning systems to provide advance notice 
of an impending earthquake - Educating communities about earthquake preparedness and response 
measures - Conducting drills and exercises to test emergency response plans - Improving 
infrastructure resilience and retrofitting vulnerable buildings - Conducting research and monitoring 


seismic activity to better understand earthquakes 


4. What is a tsunami? 


Ans. A tsunami is a series of ocean waves that are triggered by large-scale disturbances, such as 
earthquakes, volcanic eruptions, or underwater landslides. These waves can travel across the ocean at 
high speeds and cause significant damage when they reach coastal areas. Tsunamis can result in the 


loss of lives, destruction of infrastructure, and long-term environmental impacts. 


5. How do earthquakes and tsunamis affect the environment? 


Ans. Earthquakes and tsunamis can have various environmental impacts, including: - Damage to 
natural habitats and ecosystems - Contamination of water sources due to the disruption of 
underground aquifers or the release of pollutants - Displacement or extinction of wildlife species - 
Changes in coastal landforms and erosion - Induced landslides and soil liquefaction - Potential release 
of hazardous materials from damaged infrastructure It is important to note that the specific 
environmental consequences can vary depending on the magnitude and location of the earthquake or 


tsunami. 
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Concepts of Geomorphic Cycles and 


Landscape Development 


Concepts of Geomorphic 
Cycles and Landscape 


Development 


The geomorphic cycle, also known as the geographic cycle or 
cycle of erosion, is a theory that explains the evolution of 
landforms over time. This concept was first proposed by 
American geographer William Morris Davis in 1899, who 
developed a model that showed the sequential changes in 
landforms through various stages of development, similar to the 


concept of biological evolution. 


e According to Davis, the initial stage of landform 
development, known as the youthful stage, begins with 
an uplift that produces fold or block mountains. As 
streams dissect the area, it reaches maturity and is 
eventually reduced to a near-sea-level surface called a 
peneplain during the old-age stage. The cycle can be 
interrupted by uplift at any point, causing the landform to 
return to the youthful stage, a process known as 
rejuvenation. 

° The geomorphic cycle can be applied to various 
landforms, including hills, valleys, mountains, and river 
drainage systems, and follows a predetermined 
framework based on the stage of development. The 
earth's surface is affected by two types of forces: 
endogenetic and exogenetic. Endogenetic forces create 
vertical irregularities on the earth's surface, forming 
various relief features, while exogenetic processes 
originating from the atmosphere (such as rivers, wind, 
glaciers, and sea waves) work to remove these 
irregularities, ultimately reducing the relief to a low, 


featureless plain called a peneplain. 


e The entire period of relief feature creation by endogenetic 
processes and their destruction by exogenetic processes 
is called the cycle of erosion. Although initially proposed 
for humid temperate conditions, the Davisian model has 
been extended to other landscapes, such as arid, glacial, 
coastal, karst, and periglacial environments. 

e Some modifications have been suggested to Davis's 
model, such as C.H. Crickmay's proposal of a more 
powerful process called panplanation, resulting in a 
panplain rather than a peneplain. L.C. King proposed a 
new cycle of erosion called the cycle of pediplanation, 
specifically for arid and savanna regions of Africa. 

° In more recent years, some researchers have rejected 
the evolutionary concept of landform development and 
advanced alternative theories, such as the dynamic 
equilibrium model of landform development and the 
tectonogeomorphic model. Despite these alternative 
theories, many modern models of landform development 
can be seen as modified forms of Davis's original 


concept. 


Davis Model of Cycle of 


Erosion 


The Davis Model of Cycle of Erosion, also known as the 
"geographical cycle," was introduced by Davis in 1899 as a way 
to classify and describe landforms. The model suggests that 
landforms undergo an evolutionary sequence due to the effects 
of denudation (weathering and erosion) processes over time. 
This leads to an ever-changing landscape that moves from an 
initial to an ultimate form, with the height and slope of hills 


declining over time. 


e The model is based on three main factors: structure, 
process, and stage. Structure refers to the composition 
and arrangement of underlying rocks, including their 
hardness, porosity, and the presence of folds and faults. 
Process encompasses the various weathering and 
erosion agents, such as rivers, wind, and glaciers, as well 
as mass movements. Stage represents the time duration 
during which these processes act on the landform. 

° Davis used the life stages of living beings - youth, 
maturity, and old age - as an analogy for the evolutionary 
stages of landforms. He argued that landforms undergo 
sequential changes throughout their life cycle as they 
progress through these stages. However, the duration of 
each stage is not fixed and depends on various factors, 


such as the resistance of rocks to erosion. 


What are the main stages of the Davis Model of Cycle of 


Erosion? 


A. Youthful, Intermediate, Old 
B. Youthful, Mature, Old 
C. Initial, Mature, Final 


D. Early, Middle, Late 


The Davisian model of the geographical cycle is based on 


several key assumptions: 


e Landforms are shaped by the interaction of internal 
(endogenetic) forces from within the Earth and external 
(exogenetic) forces from the atmosphere, such as 
weathering, erosion, and various erosional agents like 
rivers, wind, groundwater, sea waves, glaciers, and 
periglacial processes. 

e Landforms evolve in an orderly manner, developing a 
systematic sequence of forms over time in response to 
environmental changes. 

e Streams erode their valleys quickly until a stable, graded 
condition is achieved. 

° The land mass experiences a rapid rate of uplift, though 
slower rates can also be considered in the model. 

° Erosion does not begin until the uplift is complete, 
meaning that uplift and erosion do not occur 
simultaneously. This assumption has been a point of 


contention among critics of the cyclic concept. 
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Graphical presentation of geographical cycle presented by W.M. Davis. 


Stages of the cycle 

The cycle of erosion begins with the upliftment of a landmass, where 
there is a rapid rate of short-period upliftment of a homogeneous 
structure. This phase is not included in the cyclic time as it is the 
preparatory stage of the cycle of erosion. 

The model of the geographical cycle consists of an upper curve 
(UC) and a lower curve (LC), representing the hilltops or crests of 
water divides and valley floors, respectively. The horizontal line 
denotes time, while the vertical axis shows altitude from sea level. 
The cycle passes through three main stages: youthful, mature, and 
old. 


e Youthful stage: Erosion begins after the completion of 
the landmass upliftment. At this stage, the topsurfaces or 
summits of the water divides are not significantly affected 
by erosion as the rivers are small and widely spaced. The 
rivers and their tributaries experience headward erosion, 
extending their lengths. Due to the steep slope and 
channel gradient, rivers actively deepen their valleys 
through vertical erosion, which results in deep and 
narrow valleys with steep valley-side slopes. 

The youthful stage is characterized by a rapid rate of 
vertical erosion and valley deepening due to the steep 
channel gradient, increased velocity and kinetic energy of 
river flow, and increased transporting capacity of the 
rivers. 

° Mature stage: As the cycle progresses to the early 
mature stage, lateral erosion becomes more significant, 
and the drainage network becomes well integrated. 
Vertical erosion decreases, and the summits of water 
divides start to erode, resulting in a decrease in absolute 
and relative relief. Lateral erosion leads to valley 
widening, transforming V-shaped valleys of the youthful 
stage into wide valleys with uniform or rectilinear valley 
sides. 

° Old stage: During the old stage, valley incision is almost 
absent, but lateral erosion and valley widening continue. 
Water divides are reduced in dimension through both 
down-wasting and back-wasting, causing a rapid 
decrease in absolute height. Relative relief also 
decreases due to active lateral erosion and the absence 
of vertical erosion. Valleys become almost flat with 
concave valley-side slopes, transforming the landscape 
into a peneplain. This stage lasts much longer than the 


previous two stages combined. 


Analysis of Davis cycle of 


erosion 


e The Davis cycle of erosion, specifically the concept of 
peneplain introduced by Davis, has been met with varied 
opinions from different geomorphologists. Some consider 
the peneplain to be a theoretical landform because, for 
the Davis cycle to fully occur, the landform must remain 
stable for an extended period. This stability is unlikely in 
reality, where both endogenetic and exogenetic forces 
are constantly at work, potentially disrupting the smooth 
progression of the cycle. 


° Additionally, critics argue that the concept of peneplain 


contradicts the principle of isostatic adjustment. As a river 


erodes its valley, the removal of the overlying load is 
compensated by the addition of more material to the 
landform's base. This process pushes the landform 
upward, continuing the process of upliftment indefinitely. 
Therefore, the attainment of the peneplain stage is 
questioned due to its conflict with the idea of isostatic 
adjustment. 

e Many geomorphologists also believe that the sequential 
change of landforms proposed by Davis is an 
oversimplification of the actual process of landform 
evolution. In reality, the development of landforms is a 


much more intricate and complex process. 


Criticism of Davis Model 

The Davis Model has faced significant criticism for its concept of 
upliftment. Davis described a quick upliftment process of short 
duration; however, evidence from plate tectonics shows that 


upliftment is actually an extremely slow and continuous process. 


° Additionally, the relationship between upliftment and 
erosion in the Davis Model is considered flawed. Davis 
claimed that erosion cannot begin until upliftment is 
complete, which contradicts the natural process where 
erosion starts as soon as the land begins to rise. He 
defended this by stating that he excluded erosion from 
the upliftment phase to simplify the model and because 
erosion is insignificant during upliftment. 

° Moreover, the Davisian model requires a long period of 
crustal stability to complete the erosion cycle, but plate 
tectonics suggests that such a stable period is unlikely 
due to constant plate movements and frequent tectonic 
events. Davis acknowledged this objection, arguing that if 
the desired crustal stability is not possible, the erosion 


cycle would be interrupted and a new cycle might begin. 
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e Furthermore, Walther Penck criticized the Davis Model 
for its overemphasis on time. While the Davisian model 
presents a time-dependent series of landform 
development, Penck argued for a time-independent 
series. Penck believed that landforms do not undergo 
sequential changes over time and suggested removing 
'time' from Davis' trio of 'structure, process, and time.' 

e Several other researchers, including A.N. Strahler, J.T. 
Hack, and R.J. Chorley, have also rejected the Davisian 
concept of ‘historical evolution' of landforms and instead 
proposed the dynamic equilibrium theory. However, the 
non-cyclic concept of ‘dynamic equilibrium’ and other 
open system, non-cyclic models have not generated 
much enthusiasm among modern geomorphologists. 

e Despite these criticisms, the Davis cycle continues to be 
relevant in the study of slope evolution due to its 


widespread appeal and clear presentation. 


Which of the following assumptions is NOT part of the 


Davisian model of the geographical cycle? 


A. Landforms are shaped by the interaction of internal 
and external forces. 

B. Landforms evolve in an orderly manner, developing 
a systematic sequence of forms over time in response 
to environmental changes. 

C. Streams erode their valleys quickly until a stable, 
graded condition is achieved. 


D. Erosion begins as soon as the land begins to rise. 


Normal Cycle of Erosion 


The normal cycle of erosion refers to the process of erosion 
driven primarily by running water, which is the most common 
type of erosion worldwide. It is particularly significant in glacial 
and arid regions. While W.M. Davis believed that humid 
temperate areas were the most typical case for fluvial cycles of 


erosion, this idea is still debated. 


e In the normal cycle of erosion, a landmass is uplifted 
relative to sea level, leading to the formation of rivers and 
the beginning of erosional processes. Eventually, the 
uplift of the landmass ceases, allowing erosion to 


become more active. During this period of crustal 


stability, the landmass neither rises nor sinks, and river 
valleys develop in a sequence of stages: youthful, 
mature, and old. Ultimately, these processes result in a 
low, featureless plain called a peneplain. 

The youthful stage begins with the uplift of the landmass. 
At this point, streams are short and few in number, and 
the primary consequent streams are also limited. Gullies 
and rills dominate the slopes, and through headward 
erosion, they lengthen their profiles. The development of 
tributaries from the primary consequent streams leads to 
a dendritic drainage pattern. Rivers experience rapid 
downcutting in their valleys due to the high channel 
gradient, resulting in narrow, steep valleys with convex 
side slopes, forming V-shaped juvenile valleys. 

During the mature stage, valley deepening decreases 
compared to the youthful stage, leading to a reduction in 
channel gradient and flow velocity. This stage is marked 


by early maturity, which is characterized by decreased 


transporting capacity, channel gradient, and river velocity. 


Lateral erosion becomes more active, causing valleys to 
widen. As rivers lose some of their transporting capacity, 
they deposit large boulders and sediments at the 
foothills, forming alluvial fans and cones. These deposits 
eventually create piedmont plains as they expand. With 
the reduced channel gradient, rivers meander and form 


loops. 


In the old stage, the channel gradient decreases further, 
and valley deepening ceases altogether. The number of 
tributary streams also declines, and valleys become wide 
and flat, with concave slopes. Rivers have a lower 
transporting capacity, leading to increased sedimentation 
and weathering. The rivers carve their courses 
extensively, forming large deltas at their mouths. The 
landscape ultimately transforms into a vast, flat plain 


known as a peneplain. 
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Conclusion 


The geomorphic cycle, first proposed by William Morris Davis, 
is a theory that explains the evolution of landforms over time 
through various stages of development, including youthful, 
mature, and old stages. The cycle is driven by endogenetic and 
exogenetic forces and can be applied to various landforms such 
as hills, valleys, mountains, and river drainage systems. 
Despite criticisms and alternative theories, the Davisian model 
continues to be relevant in the study of landform evolution and 


has inspired further research and modifications. 


What is the geomorphic cycle? 


The geomorphic cycle, also known as the geographic cycle or cycle 
of erosion, is a theory that explains the evolution of landforms over 
time. It was first proposed by American geographer William Morris 
Davis in 1899 and shows the sequential changes in landforms 
through various stages of development, similar to the concept of 


biological evolution. 


What are the stages in the Davis Model of 


Cycle of Erosion? 


The Davis Model of Cycle of Erosion describes three main stages of 
landform development: youthful, mature, and old. Each stage is 
characterized by specific features, such as deep and narrow valleys 
in the youthful stage, wide valleys with uniform valley sides in the 


mature stage, and flat valleys with concave slopes in the old stage. 


What is a peneplain? 


A peneplain is a low, nearly flat, featureless plain that is formed 
during the old stage of the geomorphic cycle. It occurs when the 
erosional processes have reduced the relief of the landform to a 


near-sea-level surface. 


What are the main criticisms of the Davis 


Model of Cycle of Erosion? 


The Davis Model has been criticized for its concept of upliftment, 
where it describes a rapid and short-duration upliftment process, 
while evidence from plate tectonics shows that upliftment is actually 
slow and continuous. The model also faces criticism for its 
overemphasis on time, stating that landforms undergo sequential 
changes over time, while some researchers argue for a 


time-independent series. 


What is the normal cycle of erosion? 


The normal cycle of erosion refers to the process of erosion driven 
primarily by running water, which is the most common type of 
erosion worldwide. It is particularly significant in glacial and arid 
regions. In this cycle, a landmass is uplifted, and river valleys 


develop through a sequence of stages: youthful, mature, and old. 
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These processes ultimately result in a low, featureless plain called a 


peneplain. 


1. What are geomorphic cycles and how do they contribute to landscape development? 


Ans. Geomorphic cycles refer to the repetitive sequence of processes that shape the Earth's surface 
over time. These cycles include weathering, erosion, transportation, and deposition of materials. They 
play a crucial role in landscape development by gradually wearing down mountains, carving out valleys, 


and reshaping the landforms we see today. 


2. Could you explain the Davis Model of the Cycle of Erosion? 


Ans. The Davis Model of the Cycle of Erosion, proposed by geographer William Morris Davis, suggests 
that landscapes go through a series of stages in a cyclic pattern. It consists of three main stages: youth, 
maturity, and old age. In the youth stage, the landscape is characterized by steep slopes, deep valleys, 
and fast erosion. In the maturity stage, the landscape becomes more gentle, with wider valleys and less 


erosion. Finally, in the old age stage, the landscape is flat and featureless, with little erosion occurring. 


3. What does the analysis of Davis' cycle of erosion reveal about landscape 


development? 


Ans. The analysis of Davis' cycle of erosion reveals that landscapes are not static, but rather undergo 
continuous change and evolution. It highlights the dynamic nature of landforms and the processes that 
shape them. By studying the different stages of the cycle, geographers can understand how landscapes 
develop over time and the factors that influence their formation. 


4. What is a normal cycle of erosion? 


Ans. A normal cycle of erosion refers to the idealized sequence of landscape development proposed by 
Davis. It assumes that landscapes evolve in a predictable pattern, starting from a youthful stage with 
high erosion rates, progressing to a mature stage with moderate erosion, and eventually reaching an 
old age stage with minimal erosion. However, it is important to note that real landscapes may not 
always follow this idealized pattern due to various factors such as tectonic activity, climate change, 


and human interventions. 


5. Are there any frequently asked questions related to the concepts of geomorphic 


cycles and landscape development? 


Ans. Yes, some frequently asked questions related to the concepts of geomorphic cycles and landscape 
development include: - How long does it take for a landscape to go through a complete cycle of 
erosion? - What are the main factors that influence the rate of erosion in a landscape? - Can human 
activities accelerate or disrupt the natural cycles of landscape development? - Are there any 
exceptions or variations to the normal cycle of erosion proposed by Davis? - How do geomorphic cycles 


contribute to the formation of specific landforms, such as mountains, canyons, or river valleys? 
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Denudation Chronology 


Denudation chronology is the study of the historical 
development of landscapes through the processes of 
denudation, which involve the wearing away of Earth's 
surface by elements such as water, ice, wind, and waves. 
This approach aims to reconstruct the denudational history 
of a region by analyzing present-day landscapes, 
sediments, and relic landforms. It is based on concepts 
such as sequential landform change, uniformitarianism, 
cyclic nature of Earth's history, palimpsest topography, and 


Davisian model of cyclic evolution of landforms. 


Which of the following concepts is crucial to the study of 
denudation chronology? A. Palimpsest topography B. Isostatic 


adjustment C. Soil formation D. Stream piracy 


ahs 


waves cutting back cliffs 


glacier moving rocks 


e The primary goal of denudation chronology is to identify, 
date, and interpret planation surfaces developed in past 
cycles and sub-cycles of erosion based on evidence from 
drainage development, river capture, relic surfaces, and 
past tectonic events. This approach emphasizes the 
historical development of landscapes and is based on the 
concept of palimpsest topography, which refers to 
surfaces that bear imprints of geomorphological 
processes from past geological periods. 

e However, denudation chronology has some limitations, 
including the difficulty in explaining only small parts of 
existing landscapes due to the partial destruction of 
former surfaces by subsequent erosion. Additionally, this 
approach is highly speculative and deductive, as it relies 
on the researcher's ability to deduce the original forms 


and initial heights of old erosion surfaces and remnant 


forms that have been greatly modified by subsequent 
processes. Moreover, dating erosion surfaces can be 
challenging due to the lack of valid geological evidence. 
e In summary, denudation chronology is an approach that 
attempts to reconstruct the historical development of 
landscapes through the study of denudation processes. 
Despite its limitations, this approach provides valuable 
insights into the complex topographic features and 
geological history of a region, helping us better 
understand the Earth's surface and the processes that 


have shaped it over time. 
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Which of the following is a limitation of the denudation 
chronology approach? A. Difficulty in distinguishing between 
different types of rock formations B. Inability to explain the present 
landscape effectively C. Lack of understanding of geomorphological 
processes D. Ignoring the role of human activities in landform 


development 


Conclusion 


Denudation chronology is an approach in the study of landforms that 
focuses on reconstructing the historical development of landscapes 
through the analysis of erosion surfaces, drainage patterns, and geologic 
structures. This approach is based on the concept of palimpsest 
topography, which represents complex surfaces that have been shaped, 
erased, and reshaped by geomorphological processes over time. Despite 


its usefulness in understanding landscape evolution, denudation 


chronology has its limitations, such as difficulties in accurately identifying 
and dating remnant landforms and the speculative nature of the approach 


due to the lack of valid geological evidence. 


What is denudation and how does it affect Earth's surface? 


Denudation is the process of wearing away the Earth's surface 
through the action of moving water, ice, wind, and waves. It leads to 


a reduction in elevation and relief of landforms and landscapes. 


What is denudation chronology and why is it important in 
the study of landforms? 


Denudation chronology is the reconstruction of the denudational 
history of a given region. It involves studying the traces left in 
present-day landscapes and sediments to understand the long-term 
landscape changes. This approach helps researchers to better 
understand the geological and geomorphological processes that 


have shaped a particular region over time. 


What is the concept of palimpsest topography in 
denudation chronology? 


Palimpsest topography refers to a landscape that has been shaped, 


reshaped, and modified by geomorphological processes over time, 


1. What is denudation chronology? 


Denudation chronology refers to the study of the sequence and timing of erosional 
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similar to a manuscript that has been written, erased, and rewritten 
multiple times. This concept is essential in denudation chronology, 
as it helps researchers to recognize and interpret the complex 

topographic features that have evolved through different stages of 


geological time. 


What are some limitations of the denudation chronology 
approach? 


Some limitations of the denudation chronology approach include the 
difficulty in explaining only small parts of the existing landscape, the 
highly speculative nature of the approach due to the modification of 
old erosion surfaces, and the challenges in dating erosion surfaces 


due to the lack of valid geological evidence. 


How does the denudation chronology approach contribute 
to our understanding of Earth's history? 


The denudation chronology approach allows researchers to 
reconstruct the geomorphic history of a region based on present and 
remnant landforms. This helps in understanding the various 
geological and geomorphological processes that have occurred over 
time, providing insights into the Earth's history and the development 


of its landscapes. 


processes that have shaped the Earth's surface over time. It involves understanding the rates 


of erosion, weathering, and sediment transport, as well as the factors influencing these 


processes. 


2. How is denudation chronology determined? 


Denudation chronology is determined through various methods, including the analysis of 


sediment deposition, dating of landforms, and the measurement of erosion rates. Techniques 


such as cosmogenic nuclide dating, optically stimulated luminescence dating, and 
stratigraphic analysis are commonly used to establish the chronology of denudation. 


3. What factors influence denudation chronology? 


Several factors can influence denudation chronology, including climate, tectonic activity, 


lithology (rock type), topography, and vegetation cover. For example, areas with higher 


precipitation and steeper slopes tend to exhibit higher erosion rates compared to regions 


with lower rainfall and gentler slopes. 


4. Why is denudation chronology important in understanding landscape 


evolution? 


Denudation chronology plays a crucial role in understanding the processes that shape 


landscapes and how they evolve over time. By studying denudation rates and patterns, 


scientists can gain insights into the geological history of an area, identify past climatic 


changes, and assess the impact of human activities on the landscape. 


5. How does denudation chronology relate to the UPSC exam? 


Denudation chronology is a topic that falls under the broader subject of Geomorphology, 


which is often included in the syllabus of the UPSC exam. Aspirants preparing for the exam 


may come across questions related to denudation chronology and its significance in 


understanding the Earth's surface processes. 


66 


Channel Morphology 


Define Channel Morphology 


Channel morphology, also known as river channel 
morphology or river morphology, is a comprehensive 
study of river channels from a geographical perspective 
and fluid dynamics aspect. It involves examining various 
channel-related aspects such as channel patterns, 
geometry, and the factors that influence these forms. 

The factors that affect a channel are the processes that 
modify it, including the network of tributaries that connect 
to the main river channel within the drainage basin. 
Channel development is primarily controlled by two 
factors: water flow or discharge (in terms of volume and 
velocity) and sediment movement. These factors are 
influenced by the channel slope or gradient, which can 
range from steep to gentle slopes depending on the 
altitude variations the channel traverses. 

The interrelationship between these parameters can be 
qualitatively described by Lane's Principle (also known as 
Lane's relationship), which states that the product of the 
sediment load and bed grain size is proportional to the 
product of discharge and channel slope. In simpler terms, 
this principle highlights the balance between the forces of 
water flow and sediment movement that shape a river 


channel's morphology. 
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channels, including their connecting branches in the form 
of tributaries, is proportional to the size of the valley they 
traverse. 

Channels can be occupied by various types of streams, 
including permanent ones that flow year-round, 
intermittent ones that flow at certain times, and 
ephemeral ones that only flow during and after rain 
events. 

During floods, the volume of water in a river may exceed 
the channel's capacity, causing the water to overflow its 
banks and flood the surrounding floodplain. In this sense, 
the term "channel" is often used interchangeably with 
"strait," which refers to a relatively narrow body of water 
connecting two larger bodies of water. In a nautical 
context, the terms "strait," "channel," and "passage" can 
be used interchangeably. 

For instance, in an archipelago, the water between 
islands is commonly referred to as a channel or passage. 
A well-known example of a channel is the English 
Channel, which is the strait separating England and 


France. 
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e A channel, in the context of physical geography, refers to development and morphology? A. Climate and vegetation B. 


A Water flow and sediment movement C. Human activities and 
the narrow pathway of a water body, such as a river or a 


strait. It is characterized by its bed and banks that outline geology D. Channel slope and sinuosity 


the path of the river or stream. The entire network of river 


Channel Structure 


° Channel structure refers to the various components that 
make up a river channel, including channel banks, 
channel bed, and the Thalweg. 

e The channel bed is the primary pathway through which a 
river flows. It is the base of the river, on which the water 
runs and moves downstream. 

° Channel banks are the two sides of the river bed that 
confine the water flow. These banks can be made up of 
various materials, such as soil, rocks, and vegetation, 
and help to shape the overall structure of the river 
channel. 

e The Thalweg is a continuous line that connects the 
lowest points of the stream channel. It is essentially the 
deepest part of the river bed, where the flow of water is 


generally the fastest and the most erosive, often resulting 


in the formation of deeper channels over time. 


River Processes 


e River processes involve the wearing away, transportation, 
and deposition of materials by the river. These processes 
are essential for shaping the landscape and creating 
various landforms. 

e Erosion is the process of gradually wearing away 
materials, such as rocks and soil, by the river's 
movement. There are four primary methods of erosion: 
attrition, corrosion, corrasion, and hydraulic action. 
Attrition occurs when the river's load, or the materials it 
carries, collide with one another, causing them to break 
apart. Corrasion, also known as abrasion, happens when 
the river's load grinds against the riverbanks and bed, 
breaking off pieces. Corrosion, or solution, is the process 
of the river's water dissolving its load, as well as the bed 
and banks. Hydraulic action refers to the erosion caused 
by water and air entering cracks in the riverbanks and 
bed, which increases pressure and breaks apart the 
materials. 

° Transportation is the process of the river moving its load 
from one place to another, using excess energy. There 


are four main ways the river transports materials: 


67 


Hydraulic 
action 
~ i 


traction, saltation, suspension, and solution. Traction 
involves large pieces of load rolling along the river bed, 
while saltation is the process of smaller loads bouncing 
along the river bed. Suspension refers to tiny pieces of 
load being carried within the river's flow, and solution 
involves dissolved materials being transported within the 
water. Flotation is when materials are transported on the 


river's surface. 


IRAN Attrition » 
7 3 Solution / S 


ITIN ie / ~ 
vA \ a 
do A, 
1 - 


/ 
s Abrasion wn ~~ ae 
I Rp >, a oe. ; <E z 
sf E T -} ~ 


The term "load" refers to the materials transported by 
the river. If the materials are being transported along 
the river bed, they are called bedload. If they are 
transported within the river's flow, they are often 
referred to as suspended load. 

Deposition occurs when the river no longer has enough 
energy to transport its load, causing it to put down or 
deposit the materials in its path. This process leads to 
the formation of various landforms, such as deltas and 


alluvial fans. 


Factors Controlling Channel 


Morphology 


Channel morphology, which includes aspects such as channel 


pattern and movement, is influenced by two groups of factors: 


independent factors and dependent factors. 


Independent factors are those that are externally 
imposed on the watershed and are related to the 
landscape's characteristics. These factors include 
geology, climate, and human activities. The geology of a 
watershed is influenced by various processes at the 
landscape level, such as volcanism, tectonics, and to a 
smaller extent, surface processes like erosion and 
deposition. These factors affect the distribution, structure, 
and type of bedrock, surface materials, and topography 
within a watershed (Montgomery 1999). 

Climate is another key independent factor that influences 
channel morphology at the landscape scale. It plays a 
crucial role in determining the amount of rainfall and 


water flow in the stream channel. Human activities, such 


as deforestation, construction, and agriculture, can also 
lead to significant changes in the watershed conditions. 
e Dependent factors, on the other hand, are determined by 
the independent variables mentioned above. These 
include sediment supply, stream discharge, and 
vegetation (Montgomery and Buffington 1993; Buffington 


et al. 2003). Furthermore, time is also an essential 


independent variable that influences channel morphology. 


Factors governing Channel Morphology 
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Boundary Variables such as channel gradient, channel bed rock 
material, channel bank composition, erodible material stored in 


floodplains and terraces and human alterations 


Channel width, channel depth, grain size, bed slope, sediment 
load 


Dependent Factors 

Dependent factors in channel morphology are variables that 
change and adapt according to independent conditions. The 
morphology of a channel is influenced by the combined effects 
of these dependent landscape variables, which in turn respond 
to changes in these factors by adjusting one or more of the 


dependent channel variables. 


° Sediment supply is one of the dependent factors and is 
determined by the frequency, volume, and size of 
material delivered to the channel. Stream discharge is 
another dependent factor, which is characterized by the 
frequency, magnitude, and duration of stream flows. The 
variation in stream discharge over time and space has a 
significant impact on channel morphology. 

° Riparian vegetation is the third dependent factor that 
influences channel morphology. It helps control bank 
erodibility and near-bank hydraulic conditions, and also 
serves as a source of in-channel large woody debris 
(LWD). Traditional models of channel morphology 
primarily considered stream flow and sediment transport 
rate, assuming that transport rate and sediment supply 
were equal under equilibrium conditions. However, these 
models did not account for the role of vegetation or other 
boundary conditions, which are crucial in determining 


channel morphology. 


In addition to riparian vegetation, important boundary conditions 


include elements found within the stream channel and those 
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that may affect the channel's ability to migrate laterally or build 


vertically. Key boundary conditions include: 


° Channel gradient, which is determined by the valley 
slope. The maximum possible gradient of a stream 
channel depends on the slope of the valley. 

e Bank composition and structure, which influence bank 
erodibility based on the sedimentology and Bedrock and 
other non-erodible units, such as colluvial material, 
compact tills, and lag glaciofluvial deposits, which can 
limit lateral and vertical channel migration and determine 
stream channel alignment. 

° Erodible sediment stored in valley bottoms, including 
floodplains, fans, or terraces, as well as alluvial 
sediments, lacustrine, marine, and glacial outwash 
deposits, and fine-textured colluvium. 

e Human channel alterations, such as bridge crossings and 


flood protection works. 


These boundary conditions are primarily influenced by the 
geomorphic history of a landscape and the history of human 
intervention. As a result, the current morphology of a 
stream is a product of both present-day and historical 


watershed processes. 


Channel Classification 


e The channels can be classified into different categories 
based on different criteria. These criteria include the 
constituent material of the river channel and the shape or 
pattern of the river channel. The pattern of the channel is 
described as channel form. Channels exist in a variety of 
forms. There are a wide variety of stream channel types 
based on their forms, such as Single Thread Sinuous 
Rivers, Wandering Rivers or a meandering river, Braided 
Rivers, etc. enclosed by the materials of its bed and 


banks. 


Channel Types 


Based on material of river channel Based on pattern of river channel 
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e Bedrock Channel: When the river bed has the cover of 
rocks rather than the sediment cover and the river erodes 


into the rock. These are the channels that flow through 
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non-erodible materials (e.g., bedrock, coarse colluvium, 
and non-erodible glacial deposits) and their boundary 
conditions tend to dominate the channel morphology. 
This type of channel usually has a limited sediment 
supply and a morphology that is largely determined by 
the structure and composition of the material through 
which it flows. Bedrock channels, for example, frequently 
run along faults or other geologic planes of weakness 
within the rock. Overall, these channels are relatively e 
insensitive to disturbances, including disturbances from 
changes occurring upstream (i.e., the channel is 
relatively stable), but bedrock channels are very effective 
at transferring disturbances from upstream to 
downstream reaches. 
Alluvial Channel: When the river cuts the 
river-transported rock debris, or alluvium, these are 
referred to as the alluvium channel. These channels are e 
more regular. 
Schumm (1985) has proposed a more detailed channel 
classification that included three categories: 

e bedrock channel, 

e semi-controlled channel, and 

e alluvial channel; e 
But this classification was found to be not addressing the 
variable geotechnical properties associated with the 
landforms. 
So Kellerhals in 1976, has suggested that the categories 
should be based on the materials that determine channel 
bed and bank strength and the channel’s threshold of 
erodibility. Based on this, three categories of materials 
constituting channel could be identified (1) nonerodible, 
(2) semi-erodible, and (3) erodible. Although, these terms 
(as opposed to the conventional “non alluvial” and 
“alluvial”) are more useful, but by definition these are 
contradictory, as all alluvial material is erodible and many 
non-alluvial materials are also highly erodible (e.g., 
marine and glaciofluvial deposits). Similarly, some alluvial 
materials are far less erodible than others; for instance, 
armored channel beds developed by fluvial processes 
are much more resistant to movement than other 
alluvium such as gravel-bar deposits, which are 
rearranged on an annual basis. 
The other classification is based on the shape assumed 
by the river channel, called a planform pattern. In the 
words of Leopold (1957) “Channel pattern is used to 
describe the plan view of a reach of river as seen from an 


airplane and includes meandering, braiding, or relatively 
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straight channels. Natural channels characteristically 
exhibit alternating pools or deep reaches and riffles or 
shallow reaches, regardless of the type of pattern.” The 
shape of the channel is largely decided by the sinuosity 
of the river. Sinuosity refers to the ratio of the measured 
channel distance divided by the straight-line distance of 
the valley from the beginning of the channel reach to the 
end of the channel reach. 

Mollard (1973) identified 17 planform channel types that 
were related to both the physiographic environment in 
which channels flowed, and the materials that made up 
the channel bed and banks. He based this channel 
pattern classification on the factors controlling 
morphology, specifically streamflow, sediment supply, the 
relative dominance of fluvial transport processes, and the 
materials within which the channel is formed. 

Church (1992) classified channel patterns on the basis of 
the caliber and volume of sediment supply that in turn 
decides the sinuosity of the river channel. He has 
separated the patterns into phases of river channel flow 
during its upper course to lower course, related to how 
the supplied sediment gets transported. 

Braided River Channel: In other situations, the channel 
becomes too active for stable vegetated islands to 
develop, and the system divides into numerous individual 
channels that divide and recombine around unstable 
gravel bars; these are called “braided channels.” 
Anastomosing rivers or streams are similar to braided 
rivers in that they consist of multiple interweaving 
channels but they typically consist of a network of 


low-gradient, narrow, deep channels with a stable bank. 
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Hydraulic Geometry of Channel 


The analysis of the relationship among stream discharge, 
channel shape, sediment load and slope, has been called 
as hydraulic geometry of stream channels. 

Gaging stations around the world maintained by the 
respective governments make recordings along the rivers 
all over the world. At these stations, the water surface 
level, channel shape, stream velocity, amount of 


dissolved and suspended minerals and other variables 


are periodically recorded. These records provide a 
detailed history of river flow. 

In 1953, L.B.Leopold and Thomas Maddock published an 
elaborate analysis of thousands of measurements from 
stream gaging stations all over the world. It was they who 
called their analysis of the relationship among stream 
discharge, channel shape, sediment load and slope as 


hydraulic geometry of stream channels. 


To understand the hydraulic geometry of stream channels 


there is need to study the changes in following four 
parameters at different gaging stations under varying 
conditions spanning from low flow to bank full discharge 
and flood: 

e Channel width, 

° Channel depth, 

e Stream velocity, 

e Suspended load 
These four parameters increases as some small, positive 
power function of discharge, based on the following 
equations: 


w=a Qè d=c9f 


v=koO” 


where Q stands for water discharge, 
w refers to water surface width, 
d stands for mean water depth, and 


v is the mean current velocity. 


The numerical values for arithmetic constants a, c, and k 
is not very significant for the hydraulic geometry of 
stream channels. They are constants of proportionality 
that convert a given value of discharge into the 
equivalent values of width, depth and velocity. The 
numerical values of the exponents b, f and m are very 
important as they describe the changes of width, depth 
and velocity for a specified change of discharge are very 
important. 

During flood, the water rises and stream channel width, 
depth and current velocity all increase at the gaging 
stations. This is clearly evident during the flood situation, 
as the regularity of the average changes drastically. 

In a downstream direction, the changes in channel shape 
and stream velocity are more significant as was 
emphasised by Leopold and Maddock in 1953. River 
discharge in humid area increases downstream. 

They proved that as mean discharge of a river increases 
downstream, channel width, channel depth, and mean 


current velocity all increase. 
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° Leopold and Maddock showed that not only the effluent 
rivers get both wider and deeper as they grow larger 
downstream but against the popular belief they also 
proved that average current velocity and increases 
downstream. This is because of the high-velocity current 
in a upper coarse of the river flows in circular eddies, with 
backward as well as forward motion. 

e The numerical value of the three exponents b, f, and m 
that describe the variations in width, depth and velocity 
with variable discharge at gaging station are not the 
same as those that describe the downstream increases 
in width, depth, and velocity with progressively increasing 
mean annual discharge. 

e Leopold and Maddock said that in a downstream 
direction, at mean annual discharge, the average values 
for the exponents were found to be B=0.5, f=0.4, and 
m=0.1. 

e These values show that channel width increases most 
rapidly with mean annual discharge (as the square root of 
the discharge), depth next most rapidly, and mean 
velocity increases only slightly, in the downstream 
direction. 

e Leopold and Maddock proposed that the increasing 
depth downstream permits more efficient flow in a river 
and compensates for the decreasing slope, thus 
providing a slight net increase in velocity at mean annual 
discharge. 

e Thus, the channel width, depth, and velocity change with 
the streamflow, and against the popular belief, the 
velocity increases though only slightly in the downstream 


direction. 


What are the four main ways a river transports materials? 
A. Traction, saltation, suspension, and solution B. Attrition, 

corrosion, corrasion, and hydraulic action C. Erosion, deposition, 
transportation, and solution D. Traction, erosion, suspension, and 


deposition 


Channel Stability and Movement 


e Channel stability refers to a channel's tendency for 
vertical or lateral movement, as described by Church 
(2006). This stability is constantly changing as sediment 
is deposited or transported away, which can occur either 
along the banks of the stream or within the channel itself. 


These deposits can lead to alterations in the channel's 


patterns, and any noticeable changes in these patterns 
can signal significant shifts in both the watershed and the 
factors that influence its morphology. 

Geomorphologists can provide evidence of these channel 
changes, which can then be used by researchers as an 
indicator of the environmental health of the watershed. It 
is important to note that different channel types respond 
differently to changes in sediment supply or discharge. 
These responses can manifest as either vertical shifts 
(such as aggradations or degradation, which can be 
observed in the upward or downward movement of the 
channel bed) or lateral shifts (where the bed and banks 
move sideways, as seen in old or abandoned channels 
on a floodplain). 

In summary, channel stability and movement are crucial 
factors in understanding the health of a watershed. By 
observing changes in channel patterns and how different 
channel types respond to sediment supply and 
discharge, researchers can gain valuable insight into the 


overall environmental health of the region. 


Vertical Channel shifts: 


Vertical channel shifts refer to the changes in the 
width-to-depth ratio of a river channel. These shifts occur 
as a response to variations in sediment load and 
transportation capacity. When the sediment supply 
exceeds the river's ability to transport it, the excess 
sediment accumulates and causes aggradation. 
Conversely, when the sediment supply is lower than the 
river's transportation capacity, sediments are removed, 
leading to degradation. 

Aggradation is the process wherein sediments are 
deposited within the river channel, causing the 
width-to-depth ratio to increase. This in turn reduces the 
stability of the channel. An aerial view of a river 
experiencing aggradation would show a noticeable 
expansion of sediment deposits within the channel over 
time. 

On the other hand, degradation refers to the removal of 
sediments from the river channel, which happens when 
the river's transportation capacity exceeds the sediment 
supply. This process can lead to the narrowing and 


deepening of the channel. 
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leading to sediment deposition and a decrease in channel stability. 
Degradation, conversely, takes place when sediment supply is lower 
than the river's transportation capacity, leading to the removal of 


sediments and potential channel narrowing. 


Lateral Channel movement 


e Lateral channel movement refers to the shifting of a 
river or stream across a flat valley surface, which can 
indicate changes in the conditions upstream. This 
movement can be caused by progressive bank 
erosion, which is the gradual wearing away of the 
riverbank due to sediment buildup in the channel or 
natural meandering processes. On the other hand, 
channel avulsion is a more sudden and significant shift 
in the channel's position to a new or old part of the 
floodplain or a minor change within a braided channel 
or other active channels. 

e The lateral movement of a channel affects the riparian 
zone, which is the area where land meets a river or 
stream. This movement can cause erosion in some 
areas and buildup in others. The limits of lateral 
channel movement are determined by the channel's 
boundary conditions and its relationship with the valley 
it flows through. If there are no constraints like valley 
confinement, bridges, or dykes, and the valley is filled 
with erodible material, the channel can potentially 
erode across its entire floodplain. 

. When a valley is wider than the channel, there is 
potential for lateral channel movement. In confined 
systems where the valley is only slightly wider, the 
extent of lateral movement is limited. In forested 
valleys, the bank strength provided by riparian 
vegetation can restrict lateral channel movement, 
allowing for stable channel morphology in 
environments where it might not otherwise occur. 

e Changes in the patterns of in-channel sediment 
storage, such as bars and islands, can also serve as 
early indicators of future channel issues. Braided 
channels are among the most active types of stream 
channels, characterized by rapid lateral migration rates 
and often experiencing net vertical aggradation, or the 


buildup of sediment. 


Conclusion 


In summary, vertical channel shifts are changes in the 
, : 3 a , Channel morphology is an essential aspect of studying river 
width-to-depth ratio of a river channel as a result of variations in k A p 
channels from both geographical and fluid dynamics 
sediment load and transportation capacity. Aggradation occurs when y f s 
perspectives. It encompasses various factors that influence the 


Sediment supply-sürpasses the:rivers:capagity;to: transportit; shape and structure of channels, such as water flow, sediment 


movement, and the slope of the channel. Channels can be 
classified based on their constituent materials or their planform 
patterns, such as straight, sinuous, or meandering channels. 
Understanding channel morphology is vital to comprehending 
the processes and factors that shape our landscape and 
contribute to the formation of diverse landforms. 


What is channel morphology? 


Channel morphology, also known as river channel morphology or 
river morphology, is the study of river channels from a geographical 
perspective and fluid dynamics aspect. It involves examining various 
aspects of the channel, such as patterns, geometry, and the factors 


that influence these forms. 


What are the main factors that control 


channel morphology? 


Channel morphology is primarily controlled by two factors: water 
flow or discharge (in terms of volume and velocity) and sediment 
movement. These factors are influenced by the channel slope or 
gradient, which can range from steep to gentle slopes depending on 


the altitude variations the channel traverses. 


What is the difference between bedrock 


channels and alluvial channels? 


Bedrock channels are those that flow through non-erodible 
materials, such as bedrock, coarse colluvium, and non-erodible 


glacial deposits. Their morphology is largely determined by the 


1. What is channel morphology? 
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structure and composition of the material through which they flow. 
Alluvial channels, on the other hand, are those that flow through 
river-transported rock debris or alluvium. These channels are more 
regular and are more sensitive to changes in sediment supply and 


flow conditions. 


How are river channels classified based 


on their shape or planform pattern? 


River channels can be classified into four types based on their 
planform pattern: straight river channels, sinuous river channels, 
meandering river channels, and wandering river channels. These 
patterns are determined by the sinuosity of the river, which refers to 
the ratio of the measured channel distance divided by the 
straight-line distance of the valley from the beginning of the channel 


reach to the end of the channel reach. 


What are some of the processes involved 


in shaping river channels? 


River processes that shape channels include erosion, 
transportation, and deposition. Erosion is the gradual wearing away 
of materials by the river's movement, transportation is the process of 
the river moving its load from one place to another, and deposition 
occurs when the river no longer has enough energy to transport its 
load, causing it to put down or deposit the materials in its path. 
These processes lead to the formation of various landforms, such as 


deltas and alluvial fans. 


Ans. Channel morphology refers to the physical characteristics and features of a river 


channel, including its shape, size, slope, and cross-sectional profile. It describes the overall 


form and structure of a river channel and how it changes over time due to various natural 


and human-induced factors. 


2. What factors control channel morphology? 


Ans. Several factors control channel morphology, including the type and amount of sediment 


available in the river, the flow velocity and discharge of water, the slope of the channel, the 


presence of vegetation, and the geological characteristics of the surrounding landscape. 


Human activities, such as dam construction and land use changes, can also significantly 


influence channel morphology. 


5. What are some frequently asked questions about channel morphology? 


Ans. Some frequently asked questions about channel morphology include: - How does human 


activity affect channel morphology? - What are the major impacts of channel morphology on 


ecosystems and human communities? - How can channel morphology be managed or 


restored to prevent flooding and erosion? - What are the different methods used to study 


and analyze channel morphology? - How does climate change influence channel morphology 


and its associated hazards? 


3. How are channels classified based on morphology? 
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Ans. Channels can be classified into different types based on their morphology. The 


classification is often based on the shape and pattern of the channel, such as straight, 


meandering, or braided channels. Channels can also be classified based on their size, 


including small streams, rivers, and large-scale river systems. Additionally, channels can be 


categorized based on their gradient, bed material, and hydraulic characteristics. 


4. What is lateral channel movement? 


Ans. Lateral channel movement refers to the horizontal shifting or migration of a river 


channel over time. It occurs when a river erodes its banks on one side and deposits sediment 


on the other side, leading to the gradual shifting of the channel. Lateral channel movement 


can be influenced by factors such as changes in flow patterns, sediment supply, and the 


presence of vegetation. 


Erosion Surfaces 


Erosional Surfaces 


Erosion or planation surfaces are the outcomes of denudation 
processes, which result in undulating ground surfaces and 
remnants of high relief cutting across geological formations and 
structures. These surfaces are essential for understanding the 
development of landforms as well as the past geomorphic 
processes and evolutionary history of landscapes. They can 
provide insight into the denudation chronology. 


° Various scholars have used different terms to describe 
planation surfaces, including "peneplain" (Davis), 
"pediplain" (L.C. King), "panplain" (Crickmay), "etchplain" 
(Wayland 1934, Thomas), "panfan" (A.C. Lawson), 
"primarrumpf," "gipfelflur," "stockwerk," "schietelflur," and 
"stripped surface" (Budel 1957). Some minor erosion 
surfaces include valley-side beaches (terraces), river 
terraces, and marine benches (platforms). 

e Although the study of erosion surfaces became less 
popular during the second half of the 20th century, the 
current consensus is that they do exist, and interest in 
them has been revived. Erosional plains are planation 
surfaces that cut across various bedrock types and 
geological structures, and they can be found in both 


low-lying areas and at higher elevations. Elevated plains 


often show signs of an erosional origin, followed by 
subsequent dissection, like a bevelled cuesta. 

° A cuesta is a hill or ridge with a gentle slope on one side 
and a steep slope on the other. The flat top or bevel on a 
cuesta can be seen as evidence of an upper erosion 
surface that existed before differential erosion shaped the 
cuesta. However, it is essential to note that a single 
bevelled cuesta does not necessarily indicate a planation 
surface. It could also be a river terrace or another small 
flat feature. A planation surface is more likely when 
multiple bevelled cuestas occur at about the same 


elevation. 


In summary, planation surfaces, also known as erosional 
surfaces or paleoplains, are the result of various erosion 
agents, such as wind, running water, and glaciers, acting in 
different climatic regions. These geographically plain 
surfaces or faint reliefs are produced during the final phase 
of the erosion cycle and are essential for understanding the 
evolution of landforms and the history of geomorphic 


processes. 


bevel 


Top - normal cuesta Bottom - bevelled cuesta 


Peneplains 


° The concept of a peneplain, which means "almost a 
plain," was developed from W.M. Davis' cyclic view of 
landscape evolution. According to Davis, as rivers and 
hillslopes progress through the stages of youth, maturity, 
and old age, they gradually reduce the relief of the 
landscape, ultimately creating a plain with extremely low 
relief. The rate of change in this plain is minimal due to 
the reduced potential energy for fluvial action. 

e In the youthful stage, valleys are typically V-shaped. As 
the landscape matures, valleys become flat-bottomed 
due to the dominance of lateral erosion. In the old age 
stage, valleys have very shallow features as they 
become part of extensive plains, with lateral erosion 
eroding away all hills. 

e Young landscapes are characterized by large areas of flat 
topography, which are remnants of the original uplifted 
peneplain. As landscapes mature, the valleys deepen 
and widen, creating V-shaped valleys that consume 
much of the interfluves, or areas between river systems, 
which still bear traces of the original land surface. Old 
landscapes are characterized by peneplains, where the 
interfluves are reduced to minor undulations, creating a 


nearly flat landscape. 


Which landscape feature is primarily formed by chemical 
weathering and weakly acidic water lowering the 
weathering front? A. Peneplain B. Pediplain C. Etchplain D. 


Panfan 
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c 
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Di 
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Fig. 16.1 : Graphical presentation of geographical cycle presented by W.M. Davis. 
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DAVICIAN CYCLE OF EROSION 


A. YOUTH 

B. MATURITY 

C. OLD AGE 
Pediplains 


e The pediplain concept was developed by Lester Charles 
King, who built upon Penck's model of slope retreat in his 
own model of landscape evolution. King's idea was that 
slope retreat creates pediments, and when enough 
pediments are formed, a pediplain is the result. He 
envisioned this process occurring in "cycles of 
pedimentation." 

° Each cycle starts with a sudden burst of cymatogenic 
diastrophism, followed by a period of diastrophic 
quiescence. During this calm period, subaerial processes 
reduce the relief to a pediplain. As the continent is 
eroded, the sediment is deposited offshore. As sediment 
is removed from the continental margins, they rise, while 
the weight of the sediment in offshore regions causes 
depression. 

e This simultaneous uplift and depression lead to the 
formation of a major scarp near the coast, which then 
cuts back inland. As the scarp retreats, it leaves behind a 
pediplain, further unloading the continent and placing 
additional sediment offshore. 

e Over time, new cycles of uplift and depression occur, 
creating new scarps. This cyclical relationship between 
continental unloading and offshore loading results in 
landscapes consisting of a large staircase of erosion 
surfaces or pediplains, with the oldest steps found deep 


inland. 


Base Level 


King’s Cycle of Erosion 
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Endrumpf 


In the landscape evolution model proposed by Walther 
Penck, the endrumpf refers to the final stage of erosion 
that occurs after inselbergs (isolated hills or mountains) 
and their surrounding pediments (gentle slopes) have 
disappeared. The endrumpf is characterized by a 
landscape with low-angle, concave slopes that gradually 
retreat over time. 

Penck's model is a variation on the earlier model 
proposed by William Morris Davis, who believed that 
uplift and planation (the process of creating a flat surface) 
occurred alternately. However, in many landscapes, uplift 
and denudation (the wearing away of the earth's surface) 
actually occur simultaneously. This led Penck to develop 
a different model of landscape evolution, in which the 
evolution of individual slopes plays a crucial role in 
determining the overall landscape's development. 

In Penck's model, the continuous and gradual interaction 
between tectonic processes (such as uplift and earth 
movement) and denudation results in a unique landscape 
evolution pattern, where the endrumpf stage is reached 
after the inselbergs and their surrounding slopes have 


been eroded away. 


Waxing Waning Penck Cycle of Erosion 
Development Development Altitude of Main Valley Floors 


Altitude of Highest Divide 
Endrumpf 


Altitude 


Time 


Panplains 


Colin Hayter Crickmay (1933, 1975) introduced the 
concept of unequal activity in slope retreat, which 
deviates from the models of landscape evolution 
proposed by Davis, Penck, and King, who assumed that 
slope processes act evenly on individual slopes. In 
reality, geomorphic agents do not act uniformly. 

As a result, a slope may only recede in areas where its 
base is eroded by a stream (or the sea). In this case, 
slope denudation is primarily achieved through the lateral 
erosion of rivers (or marine erosion at the base of cliffs), 
meaning that some parts of the landscape may remain 
virtually unaffected by slope recession. Crickmay argued 
that this lateral erosion by rivers leads to the formation of 


Panplains. 
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Etchplains and Etched Surfaces 


Landscape evolution was traditionally thought to be 
primarily influenced by mechanical erosion. However, 
recent research indicates that chemical weathering plays 
a significant role in shaping landscapes, especially in 
tropical and subtropical environments. One such process 
is etch planation, which involves the formation of a thick 
regolith through chemical weathering, followed by 
erosion. 

An etchplain, or etched peneplain, is a landscape feature 
resulting from etch planation. The concept was first 
introduced by E.J. Wayland and 

Bailey Willis in the 1930s and later refined by Julius 
Budel. Etchplains are mainly formed by chemical 
weathering, with weakly acidic water lowering the 
weathering front, similar to how an acid-soaked sponge 
would etch a metal surface. 

Some researchers propose the theory of double 
planation, which suggests that surface erosion and 
chemical etching occur at the same rate, maintaining 
land surfaces of low relief during slow uplift. This theory 
involves two planation surfaces: the wash surface and 
the basal weathering surface (etch surface). 

There are various types of etchplains, ranging from 
stripped etchplains to those covered with thick waste. 
One example is the Chotanagpur region, where the 
bedrock is mostly hidden beneath a layer of soil and 
regolith. Laterite beds can be found at the surface, acting 
as a cap rock and helping to maintain even topography. 
Thomas identified five types of etchplains: undissected 
lateritized surface, dissected lateralized etchplain, 
extensively stripped surface, partially stripped erosion 
surface, and incised erosion surface. However, there may 
be other variations, such as the one seen in 
Chotanagpur. 

Etchplains can also form on non-crystalline sedimentary 
rocks, though some researchers question the distinction 
between etchplains and pediments. Despite this, the term 
"etchplain" is still used by some geomorphologists, as it 
helps to explain landscape features found in warmer 


climates, now present in temperate latitudes. 


I Etchplain etchplain 


weathered bedrock 


unweathered bedrock 


Il Etchplain with partly stripped etch surface 


III Partly stripped etch surface 


IV Stripped etch surface 
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Panfan 


e Lawson coined the term "Panfan" to describe the final 
stage of geomorphic development in arid regions, similar 
to how a "peneplain" represents the end stage of 


landform evolution in humid regions. 


Which of the following terms was proposed by Lester 
Charles King as a result of slope retreat creating 


pediments? A. Peneplain B. Pediplain C. Endrumpf D. Panplain 
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Conclusion 


Planation surfaces, including peneplains, pediplains, endrumpf, 
panplains, etchplains, and panfans, are essential for 
understanding the evolution of landforms and the history of 
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geomorphic processes. These surfaces result from various 
erosion agents and climatic conditions, shaping the landscape 
through mechanical and chemical processes. The study of 
these features provides valuable insights into the denudation 
chronology and the interplay between tectonic processes and 
erosion in shaping the Earth's surface. 


What are erosional surfaces, and why are 
they important in understanding the 


evolution of landforms? 


Erosional surfaces, also known as planation surfaces or paleoplains, 
are the result of various erosion agents, such as wind, running 
water, and glaciers, acting in different climatic regions. These 
geographically plain surfaces or faint reliefs are produced during the 
final phase of the erosion cycle and are essential for understanding 


the evolution of landforms and the history of geomorphic processes. 


What is the difference between a 


peneplain and a pediplain? 


A peneplain is a landscape with extremely low relief that forms as 
rivers and hillslopes progress through the stages of youth, maturity, 
and old age, gradually reducing the relief of the landscape. A 
pediplain, on the other hand, is formed when enough pediments 
(gentle slopes) are created as a result of slope retreat, often 


occurring in "cycles of pedimentation." 


What is an etchplain, and how does it 


differ from other planation surfaces? 


An etchplain, or etched peneplain, is a landscape feature resulting 
from etch planation, which involves the formation of a thick regolith 
through chemical weathering, followed by erosion. Etchplains are 
mainly formed by chemical weathering, with weakly acidic water 
lowering the weathering front, similar to how an acid-soaked sponge 
would etch a metal surface. Etchplains differ from other planation 
surfaces as they primarily result from chemical weathering rather 


than mechanical erosion. 


What is the role of chemical weathering in 
the formation of etchplains and etched 


surfaces? 


Chemical weathering plays a significant role in the formation of 
etchplains and etched surfaces, as weakly acidic water lowers the 
weathering front, similar to how an acid-soaked sponge would etch 
a metal surface. This process forms a thick regolith through 
chemical weathering, which is then eroded to create etchplains and 


etched surfaces. 


What is a panfan, and how does it relate 


to the concept of a peneplain? 
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A panfan is the final stage of geomorphic development in arid 
regions, similar to how a peneplain represents the end stage of 
landform evolution in humid regions. Lawson coined the term 
"panfan" to describe this final stage in arid environments, where the 
landscape is shaped by different erosional processes compared to 


those in humid regions. 


1. What are erosion surfaces? 


Ans. Erosion surfaces refer to flat or gently sloping surfaces that are formed by the process 
of erosion over a long period of time. They are characterized by their smooth and level 


appearance, and are often found in areas that have undergone significant erosion. 


2. How are erosion surfaces formed? 


Ans. Erosion surfaces are formed through the continuous action of weathering and erosion 
over a long period of time. The process starts with the weathering of rocks and the 
subsequent transportation of the resulting sediments by various agents such as wind, water, 
or ice. As these agents erode the surface, they gradually create a flat or gently sloping 


landform. 


3. Where are erosion surfaces commonly found? 


Ans. Erosion surfaces can be found in various regions around the world. They are often found 
in areas with ancient or highly weathered landscapes, such as plateaus, mountains, or 
deserts. Examples of famous erosion surfaces include the Colorado Plateau in the United 


States and the Nullarbor Plain in Australia. 


4. What are the features of erosion surfaces? 


Ans. Erosion surfaces typically exhibit certain common features. They are generally flat or 
gently sloping, with a smooth and level appearance. They may have remnants of ancient river 
channels or valleys, indicating the previous presence of water. Erosion surfaces can also have 


distinct layers of sedimentary rocks, showing the different stages of erosion over time. 


5. Why are erosion surfaces important? 


Ans. Erosion surfaces are important for understanding the geological history of a region. By 
studying these surfaces, geologists can gain insights into past environmental conditions, the 
effects of climate change, and the evolution of landscapes over millions of years. Erosion 

surfaces also provide valuable information for industries such as mining and oil exploration, 


as they can indicate the presence of valuable mineral deposits. 
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Slope Development 


Slopes 


The study of slopes in the physical landscape has long 
fascinated geomorphologists, as they hold a central role 
in the study of landforms. Despite their importance, the 
study of slopes has been largely neglected and faces 
numerous challenges. 

One of the main difficulties in studying slopes is 


determining their nature, the rate at which processes 


operate, and the impact of these processes on the slope. 


Additionally, it is difficult to trace the entire development 
of a slope and its changes in form over time. 

In landform studies, there are two main aspects that are 
typically focused on: form and process. "Form" refers to 
the morphology of a given region at a given time, while 
"process" refers to the operation of various agents that 
cause changes in the physical environment, such as soil 
creep, surface wash, and weathering. 

To better understand slope development, researchers 
have followed two main approaches: the historical 
approach and the process-form approach. 

The historical approach emphasizes the evolution of 
slopes from their origin to their present form. However, 
this approach suffers from the problem of accurately 
reconstructing past forms of the slope, as there is no 
standard method for verifying the accuracy of these 
reconstructions. It is also challenging to determine the 
age of a slope, as there is no universally applicable 
method for doing so. 

One commonly-held assumption among some 


researchers is that present-day slopes developed from 


near-vertical cliffs that weathered and modified over time. 


However, this assumption may not hold true in many 
cases, as slopes often border river valleys that were 
never vertical cliffs. Furthermore, river erosion does not 
always produce steep, vertical walls, as other processes 
like weathering and creep can also modify slope edges. 
As a result, the concept of an "initial slope" may be 


unrealistic. Determining the age of a slope based on its 


form is not an easy task, and even extensive field 


surveys cannot provide completely satisfactory results. 


The Process-form Approach 


The Process-form Approach is based on the idea that the 
shape and steepness of a slope are determined by the 
interplay of weathering, erosion, transportation, and 
deposition. These denudation processes work in various 
combinations and at different rates, leading to a wide 
array of slope forms with varying degrees of steepness. 
Factors such as rock types, climate, and vegetation 
directly influence the types of slope forms that are 
produced. 

For instance, in a limestone region with sufficient rainfall, 
convex slopes are commonly found because rainwash is 
less effective due to the porous nature of the rock. In 
other regions, this might result in concave slopes. 
However, this approach, like the historical approach, 
faces several challenges. It is difficult to observe the 
various processes at work on slopes since weathering, 
creep, and rainwash occur very slowly and are not easily 
perceptible. 

To accurately study these processes, advanced tools and 
precise methods are needed for recording their 
operation. Moreover, it is hard to definitively establish that 
slope processes directly determine the form of the 
denudational slope. Another issue with the process-form 
approach is the possibility that many current slopes are 
not a result of present-day processes (Small, 1978). The 
relationship between slope form and climate has also 
been a subject of debate. 

If the slope is solely controlled by slope processes, it is 
assumed that different slope forms would be found in 
different regions. Some geomorphologists have 
emphasized this relationship, providing various examples 
to support their claims. However, the assumption that a 
specific type of slope will only form in a particular climate 
is not always accurate. For example, it was once 


believed that pediments are exclusive to desert regions, 


but now many scientists and geomorphologists agree 


that they can occur anywhere in the world. 


Which of the following slope elements is characterized by a 
steep, wall-like profile and is typically found below cliffs or 
free faces? A. Convex Slope B. Rectilinear Slope C. Concave 


Slope D. Summital Convexity 


Genetic Classification of 


slopes 


Slopes are formed through two primary processes: Endogenetic 
and Exogenetic. Based on these processes, slopes can be 
broadly categorized into Endogenetic Slopes and Exogenetic 
Slopes. 


Endogenetic Slopes 


° These slopes are formed as a result of processes 
occurring within the Earth's interior. Various geological 
movements, such as folding, faulting, and rift valley 
formation, contribute to the development of these slopes. 
They are also commonly referred to as tectonic slopes. 
Fault scarps are often found in association with faults and 
rift valleys. 

° Volcanic eruptions, which are also a consequence of 
endogenetic processes happening within the Earth, 
create new landforms. These eruptions lead to the 
accumulation of lava and pyroclastic materials, forming 
various volcanic hills, plateaus, and cones. 

e The landforms created by volcanic eruptions or tectonic 
activities are further modified by subaerial processes, 


resulting in the development of diverse slope forms. 


Exogenetic slopes 


° Slopes are formed as a result of external processes that 
take place at or near the Earth's surface. Factors such as 
weathering, mass wasting, erosion, and deposition play a 
crucial role in shaping landscapes. These processes 
constantly act on the surface, creating and modifying 
slope forms over time. 

e We can classify slopes created by exogenetic processes 
into two main categories: (a) erosional or degradational 


slopes and (b) depositional or aggradational slopes. 
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Erosional slopes are created by various forces, including 
wind, running water, waves, and glaciers. For example, 
glaciers and running water generate numerous landforms 
within their valleys. Escarpments, watersheds, river 
terraces, and coastal cliffs are all examples of slopes 
formed through erosion. 

On the other hand, depositional slopes are formed by the 
same agents but through the accumulation of material. 
For instance, running water creates alluvial fans and 
natural levees, glaciers form moraines, and wind results 
in sand dunes of various shapes and sizes. Additionally, 
deposition along coastlines leads to the formation of 
sandbars, barriers, and beaches. These are all examples 
of depositional slopes created by the actions of water, 


wind, and glaciers. 


Slope elements 


Slope elements refer to the various forms or shapes that 
make up a slope's profile. These forms typically include 
convex (crest), rectilinear, and concave slopes. Convex 
slopes are usually found at the top of a hill, while 
concave slopes are located at the base. 

L.C. King and A.Wood believed that a standard 
composite slope profile consists of four main elements. 
The first, at the top, is the convex slope or crest. Below 
the crest, there is a scarp or free face, followed by a 
rectilinear slope. Finally, at the bottom, there is a concave 
slope. This is the most common composite slope profile; 
however, in reality, these elements can be found in 
various combinations, and not all of them may be present 
in a single slope profile. 

The combination of these elements in a slope profile 
depends on factors such as the rock's structure, the 
rock's nature, and the processes that operate on the 
surface. Below, we will discuss each of the four main 


types of slope elements (forms) in greater detail. 


. Crest: Convex shape 
where weathered 
material falls over the 
cliff, soil creep occurs 

. Free face/cliff: Bare 
rock, vertical, formed 
when cap rock collapses 
due to scarp recession 
rock falls occur 

. Talus slope: Boulders 
and stones from 
collapsed cliff collect 
here. constant angle 

of 35° to 37°. finer 
materials washed out 
into pediment 

. Pediment slope: Gentle 
slope, covered with fine 
sediment from talus 
slope, useful for human 
activity 


Convex Slope 


A convex slope is a type of slope that can sometimes 
cover an entire hillside, but it is most frequently found in 
the upper portions of a slope. This convex shape is 
created by the gradual wearing away of the landscape, 
known as the denudation process, and is typically found 
in humid, temperate regions. 

In the higher areas of a hill, a convex slope is often called 
a "crest" or "summit slope." As you move down the slope 
from the crest, the angle of the slope becomes steeper. 
The formation of this convex shape at the summit is 
primarily attributed to weathering and soil creep, which 
are the most active processes in creating this unique 
topography. 

This type of slope is also known as a "waxing slope," a 
term coined and popularized by the renowned German 
geomorphologist W. Penck. The term "summital 
convexity" is often used to describe a waxing slope, as it 
highlights the distinct curved shape of the slope's upper 


portion. 


Convex Slope 


Cliff or Free Face 


A cliff, also known as a scarp or free face, is a steep, 
wall-like slope often found in various landscapes. Due to 
its steepness, cliffs are typically bare, as regolith or 
debris cannot accumulate on such a slope. Instead, any 
material that falls or erodes from the cliff settles at the 
base of the slope, creating a pile of debris. 

The term "free face" is used by many geomorphologists 
to describe a cliff, as it remains free from any detritus or 
debris. Cliffs can form along coastlines, where sea waves 
cause undercutting, in river valleys, glacial regions, 
faulted landscapes, and in various other locations. When 
weathered material falls or slides from the cliff, it 
accumulates at the base, forming a depositional feature 
known as a talus slope. 

Over time, the talus slope will continue to grow in size as 
more weathered material accumulates, eventually 
covering the lower portions of the free face and 


protecting it from further weathering. As the talus slope 
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rises, the length of the free face diminishes, and the 
entire cliff may eventually disappear, replaced by an 


aggradational slope with a lesser angle than the original 


cliff. 


Rectilinear Slope 


Rectilinear slopes are a type of slope that is primarily found 
below cliffs or free faces, and are characterized by their 
straight profile and relatively constant slope angle. These 
slopes can vary in size and may sometimes dominate an 
entire slope area. They often extend from the summit of a 
hill or mountain down to the bottom of a valley. 

In many cases, rectilinear slopes are situated in the middle 
of a slope profile, with a broader convex section above and 
a larger concave section below. Some geomorphologists 
believe that these slopes are formed only through the 
process of aggradation, which is the accumulation of 
sediment or other material. However, this is not always the 
case. 

As noted by Small (1978), rectilinear slopes can also be a 
result of denudation, which is the wearing away of the 
Earth's surface by natural processes like weathering and 
erosion. In these instances, the slope is underlain by solid 
rock and may be covered by a thin layer of debris that is 
slowly moving downhill due to factors like frost and other 
natural forces. 

Rectilinear slopes are sometimes referred to as 
debris-controlled slopes, as the presence of debris can play 
a significant role in their formation and appearance. 
Additionally, Strahler (1950) used the term "repose slope" 
to describe these slopes, highlighting their unique 
characteristics and distinguishing them from other types of 


slope formations. 


Rectilinear Slope 


Concave slope 


° A concave slope is found at the lowest part of a hill's 
slope profile, typically extending from the bottom of the 
hill down to the river valley. This area is often covered 
with debris, such as accumulated scree, which is spread 
across the slope due to rainwash. As a result, finer 
particles are dispersed further than coarser ones, leading 
to the formation of a concave shape. 

e The term "waning slope" was coined by Penck to 
describe such slopes, which can display different 
characteristics depending on the climate. In arid and 
semi-arid regions, concave slopes often show a sharp 
break in gradient between the lower concave section and 
the steeper slopes above. However, in humid conditions, 
the concave base transitions more smoothly into the 


higher slopes. 


Concave Slope 


The above-discussed elements are assumed to be present in a 
standard hill slope but as has been pointed out by many 
geomorphologists and thinkers that all four elements may not 
be noticed in a hill slope. One or more than one element 
may be missing from the slope profile owing to various 


reasons. 


Pediment 


A slope profile can consist of various combinations of elements, 
and while there may be an infinite number of possible 
combinations, some are more common than others. Three 
frequently occurring composite slope combinations are 


discussed below: 


° The convexo-rectilinear-concave slope profile features an 


upper convex portion, a middle rectilinear section, and a 
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lower concave part. These three slope elements blend 
seamlessly, resulting in a curved slope profile (Small, 
1978). This type of slope profile is often found in regions 
with weaker rock types, such as lowland England. The 
lengths of the different slope elements can vary, creating 
diverse landscapes. However, in areas with a wide 
variety of rock types, where hard and soft rocks alternate, 
or where the region has experienced multiple 
rejuvenations, the slope profile can become more 


complex. 


Convex Summit 


Rectilinear 


Basal Concavity 


In regions where there are alternating layers of massive 
and weak strata, high relief, deep valleys, and active 
weathering, a distinct composite profile can be observed. 
This profile consists of several free faces and rectilinear 
slopes, with minimal or no summital convexity and basal 
concavity (Small, 1978). Massive strata contribute to the 
formation of free faces, while weak and thinly bedded 
rocks result in rectilinear slopes. 

In arid regions with hard crystalline rocks, a composite 
slope profile is formed, which includes an upper section 
with a free face at a slope of 40° or more, a mid-section 
with a boulder-controlled slope at an angle of 25° or 
more, and a lower section with a gentle concave 
(pediment) slope at angles below 7 degrees. 

Various theories have been proposed by 
geomorphologists to explain the development of specific 
slope elements in a slope profile. Earlier attempts 
focused on linking certain processes to specific slope 
forms, such as rainwash and soil creep in the formation 
of convex and concave slope forms. 

American physiographer N. M. Fenneman suggested that 
the most common convexo-concave profiles are due to 
the action of running water. According to Fenneman, the 
upper slopes have less runoff during rainfall, with water 
moving as a thin sheet. As the water travels downslope, it 
collects particles and gains volume from additional run-off 


from higher up the slope. This leads to increased erosion 


in the sections of the slope further from the summit, 
resulting in convexity over time. 

e Fenneman also argued that as the water reaches the 
lower part of the slope, the increased volume causes it to 
become concentrated in small channels, leading to the 
formation of gullies and ultimately a concave curve. 
However, many geomorphologists criticized Fenneman's 
hypothesis for not considering the role of soil creep in 
slope formation. Despite this, his ideas were supported 
by Horton (1945), who argued that erosion by sheet wash 
becomes more significant downslope due to increased 
run-off. 

° Gilbert (1909) attributed soil creep as a major factor in 
the rounding of hilltop summits and the development of 
summital convexity, but his ideas were considered 
simplistic. Lawson, on the other hand, argued that 
rainwash was an important process on the upper slope, 
although he disagreed with Fenneman, suggesting that 
wash was most effective at the sloping summit. 

e Many other scientists and geomorphologists have 
considered soil creep and rainwash as crucial processes 
in determining slope form, each proposing their own 
theories based on their understanding. However, it is 
important to note that, in addition to soil creep and 
rainwash, there are numerous other factors at play, and 


their interactions can be quite complex. 


In which type of region is a composite slope profile 
consisting of an upper free face, a mid-section 
boulder-controlled slope, and a lower gentle concave slope 
most likely to be found? A. Humid, temperate regions B. Arid 


regions with hard crystalline rocks C. Lowland England D. Coastal 


areas 


Conclusion 


The study of slopes and their development is a complex field in 
geomorphology, with various factors and processes contributing 
to their formation. Two main approaches, the historical 
approach and the process-form approach, have been used to 
understand slope development. Slopes are classified into 
endogenetic and exogenetic types based on their formation 
processes, and their profiles consist of various combinations of 
convex, cliff or free face, rectilinear, and concave slope 
elements. The interplay of factors such as rock types, climate, 
and vegetation, as well as processes like weathering, erosion, 
and deposition, contribute to the diverse forms of slopes 
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observed in nature. While progress has been made in 
understanding these processes, there is still much to learn 
about the intricacies of slope development and the interactions 
between various factors and processes. 


What are the main challenges in studying 


slopes in the physical landscape? 


The main challenges in studying slopes include determining their 
nature, the rate at which processes operate, the impact of these 
processes on the slope, and tracing the entire development of a 


slope and its changes in form over time. 


What are the two main approaches to 


studying slope development? 


The two main approaches to studying slope development are the 
historical approach, which emphasizes the evolution of slopes from 
their origin to their present form, and the process-form approach, 
which focuses on the interplay of weathering, erosion, 
transportation, and deposition in determining the shape and 


steepness of a slope. 


What are the two primary categories of 
slopes based on their formation 


processes? 


Slopes can be broadly categorized into Endogenetic Slopes, which 
are formed as a result of processes occurring within the Earth's 
interior, and Exogenetic Slopes, which are formed as a result of 


external processes that take place at or near the Earth's surface. 


What are the four main types of slope 


elements (forms)? 


The four main types of slope elements are convex slope, cliff or free 
face, rectilinear slope, and concave slope. These elements can be 
found in various combinations in a slope profile, and not all of them 


may be present in a single slope profile. 


How do soil creep and rainwash 
contribute to the formation of slope 


forms? 


Soil creep, which is the slow, continuous movement of soil and 
debris down a slope, contributes to the rounding of hilltop summits 
and the development of summital convexity. Rainwash, on the other 
hand, is the washing away of soil and debris by rainfall, and can 
contribute to the formation of both convex and concave slope forms 


depending on the location and intensity of the runoff. 
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1. What is the genetic classification of slopes? 


Ans. The genetic classification of slopes refers to how slopes are formed based on their 
origin or formation processes. The different genetic classifications of slopes include convex 


slopes, cliff or free face slopes, rectilinear slopes, and concave slopes. 


2. How are convex slopes formed? 


Ans. Convex slopes are formed by the accumulation of loose materials, such as debris, rocks, 
or soil, at the base of a slope. This accumulation gradually builds up and creates a convex 
shape. Convex slopes are commonly found in areas with high erosion rates or where there is 


a deposition of materials. 


3. What are cliff or free face slopes? 


Ans. Cliff or free face slopes are steep slopes that have a vertical or near-vertical face. They 
are typically formed through processes such as weathering, erosion, or tectonic activities. 
Cliff slopes are commonly found in mountainous regions, coastal areas, or areas with steep 


rock formations. 


4. How are rectilinear slopes formed? 


Ans. Rectilinear slopes are formed by the movement of large blocks or masses of rocks or soil 
along distinct planes or fractures. These slopes have a series of steps or terraces due to the 
movement of these blocks. Rectilinear slopes are often found in areas with jointed or 


fractured rock formations. 


5. What are concave slopes? 


Ans. Concave slopes are characterized by a rounded or bowl-shaped appearance. They are 
formed by erosion processes, such as water or wind erosion, that remove materials from the 
lower parts of the slope. This erosion creates a concave shape over time. Concave slopes are 


common in hilly or mountainous regions with softer rock or soil materials. 


Applied Geomorphology 


Introduction - Applied 


geological history, structure, and composition of a region. Applied 


geomorphology, as defined by D.K.C. Jones, is the process of 


utilizing geomorphic knowledge to address issues related to land 


Geomorphology 


. Understanding landforms is crucial for humans, as it directly or 
indirectly affects their interaction with the earth's surface features. 


By correctly interpreting landforms, we can gain insights into the 


use, resource management, and environmental planning. 
. According to R.G. Craig and J.L. Craft, all geomorphological 
knowledge tends to have practical applications. As our 


understanding of the earth's processes improves, 


geomorphologists can use this knowledge to assess resources, 
plan development projects, identify potential natural hazards, and 
reduce the impact of natural disasters. In essence, the study of 
landforms plays a significant role in managing and planning our 
interactions with the earth's surface. 

e Geomorphic knowledge and techniques may be applied in the 
following areas: 

e Examining the effects of geomorphic and environmental 
processes on human society and activities, as well as 
addressing the challenges that result from these impacts; 

. Exploring the alterations in geomorphic and environmental 
processes caused by human actions and managing the 
issues that arise from such interactions. 

. Overseeing resource management and tracking changes 
in the geomorphic system to propose appropriate solutions 


that ensure sustainable development. 


Two Main Lines of Application 


The application of geomorphology, according to Charley, Schumn, and 
Sugden, may be considered along two lines: 


Resource evaluation, engineering construction and planning 


e In the field of applied geomorphology, various applications can be 
found, such as resource inventories, environmental management, 
soil and land evaluation, and producing maps for hydrological, 
erosional, and stability control. This field also encompasses 
geomorphic mapping, land system mapping, terrain evaluation, 
and information retrieval on terrain and other relevant subjects for 
earth scientists, engineers, and planners. 

e Applied geomorphology plays a crucial role in urban planning 
across diverse geomorphic environments. It aids in the creation of 
natural hazard maps, morpho-agricultural regionalization, land use 
planning, and the construction and management of roads. By 
utilizing applied geomorphology, professionals can better 
understand and address the challenges posed by various 
landscapes and environments, ultimately leading to more informed 


decision-making in urban planning and development. 


Human beings as geomorphic agents: 


e Applied geomorphology is a field that examines the impact of 
human activities on the Earth's surface, particularly in terms of 
intentional or unintentional effects on the various processes and 
forms that shape the landscape. Throughout history, humans have 
sought to control and manipulate these natural processes to meet 
their economic needs. 

e For example, people have constructed embankments to prevent 
river flooding, straightened and redirected river courses, built walls 
to protect coastal areas from wave erosion, attempted to stabilize 
sandy areas through planting vegetation, and combated soil 
erosion through reforestation. These are all examples of 
intentional human actions that have influenced the geomorphic 


processes and forms. 
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e Meanwhile, there are also numerous unintentional consequences 
of human activities on the Earth's surface. These include 
deforestation and burning grasslands for agricultural or urban 
development purposes, land subsidence due to mining activities 
and groundwater extraction, alteration of the landscape as a result 
of construction and mining, and increased soil erosion and 
sedimentation rates due to excessive and unplanned 
deforestation. Pollution, a significant byproduct of human 
economic activities, also plays a role in altering geomorphic 
processes and forms. 

. Furthermore, the building of dams can lead to changes in river 
sediment loads and increased erosion, while construction in 
high-altitude regions can alter permafrost conditions. In summary, 
applied geomorphology seeks to understand the complex interplay 
between human activities and the Earth's surface, with a particular 
focus on both the intentional and unintentional consequences of 


these actions on the landscape and its processes. 


What are some applications of geomorphology in engineering 
works? A. Road construction B. Dam site selection C. Airstrip construction D. 


All of the above 


Specific Applications 


1. Geomorphology and Hydrology: Geomorphology plays a crucial 
role in understanding the movement and distribution of water on 
Earth's surface. By studying the shape and structure of 
landscapes, hydrologists can predict and manage water flow, flood 
risks, and water resource availability. 

2. Geomorphology and Mineral Exploration: The study of 
landforms and the processes that shape them can provide 
essential clues for locating valuable mineral deposits. 
Geomorphologists can help identify areas with high potential for 
mineral resources, reducing the time and cost of exploration. 

3. Geomorphology and Engineering Works: Geomorphologic 
analysis can help engineers design safe and sustainable 
infrastructure projects by assessing the stability of slopes, the 
susceptibility of an area to erosion, and the potential impacts of 
construction on surrounding landscapes. 

4. Geomorphology and Military Geology: Geomorphology can 
provide valuable information for military strategists, such as 
identifying potential obstacles, determining the optimal placement 
of defensive structures, and understanding how the terrain may 
affect troop movement and transportation. 

5. Geomorphology and Urbanization: As cities continue to grow 
and expand, geomorphology can help planners make informed 
decisions about where to build and how to minimize the impacts of 
urbanization on the natural environment, such as preserving vital 
ecosystems and reducing the risk of natural hazards. 

6. Geomorphology and Hazard Management: Geomorphologists 
can help identify areas at risk for natural hazards, such as 


landslides, earthquakes, and floods, and develop strategies for 


mitigating these risks by understanding the underlying geological 
processes at work. 

7. Geomorphology and Regional Planning: By analyzing the 
physical characteristics of a region, geomorphologists can provide 
valuable insights for regional planners, helping them make 
informed decisions about land use, resource management, and 


environmental protection. 


In summary, geomorphology has a wide range of applications that 
can benefit professionals in various fields, from guiding mineral 
exploration efforts to informing urban planning decisions. By 
understanding the processes that shape Earth's landscapes, we can 
make more informed decisions about how to manage and protect 


our environment. 


Geomorphology and Hydrology 


e Water sources for human consumption can be derived from 
various sources such as streams, lakes, rivers on the Earth's 
surface, or groundwater. Different geological zones offer diverse 
conditions for both surface and groundwater availability. 

e Limestone terrains have varying water-yielding capacities 
depending on the rock type. Permeability in limestones can be 
primary or secondary. Primary permeability depends on the 
existence of initial interconnected voids in the calcareous 
sediments from which the rock was formed. Secondary 
permeability arises from earth movements like faulting, folding, 
and warping, as well as solution or corrosion mechanisms. 

. This secondary permeability is greatly influenced by a region's 
topography, being most significant beneath and adjacent to 
topographic lows or valleys. In karst terrain, much of the 
groundwater is confined to solution channels. 

. In the early stages of karst evolution, conditions are not very 
different from those in other landscapes with similar relief. 
However, as the cycle progresses, a large portion of water is 
diverted to solutionally opened passageways, reducing surface 
water availability. The primary source of water in such regions 
then becomes karst springs. These springs can provide water to 
meet moderate demands, but the water quality may be affected by 
pollutants and bacteria. 

e To determine the sources of spring water in cases of pollution, the 
swallow holes and sinkholes that feed water to the underground 
drainage systems emerging as springs must be located. This can 
be achieved by introducing a coloring material, like fluorescein, 
into the water entering nearby swallow holes (or sinkholes) and 
testing the various spring waters to identify their source. A 
knowledge of the region's structural geology is helpful in this 
context, as groundwater tends to move down rather than up the 
regional dip. 

e The ease of obtaining water in a limestone region depends on the 
area's geomorphology. If the limestones have adequate 
permeability and are capped by a sandstone layer, large-yield 
wells may be easily obtained. Additionally, the water would be 


naturally filtered as it passes through the sandstone beds. 
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e However, if the limestone is dense and compact with low mass 
permeability, groundwater movement will primarily occur through 
secondary openings. In such circumstances, the water yield may 
be low, or even if sufficient, subject to contamination. Karst plains 
lack a filtering cover, and sinkholes, swallow holes, or karst valleys 
within an area of clastic rocks should raise concerns about the 
purity of nearby spring water. 

° Groundwater potential in glaciated regions can be determined 
based on the area's geomorphic history, characteristics of glacial 
deposits, and landforms. Outwash plains, valley trains, and intertill 
gravels are likely to yield large volumes of water. Most tills are 
poor water sources due to the clay content, but they contain local 
strata of sand and gravel that may hold and supply enough water 
for domestic needs. 

. Buried preglacial and interglacial valleys could be good sources of 
groundwater. Their presence (or absence) can be detected by 
studying the preglacial topography and geomorphic history of the 
area. Buried valleys are located by constructing bedrock 


topography maps of glaciated areas. 


Geomorphology and Mineral 


Exploration 


Mineral deposits are often associated with specific geological structures, 
and the landscape characteristics of certain areas can indicate the 
presence of these structures. There are several types of minerals and ore 
bodies that can be identified by their surface expressions or through the 


study of geomorphology. 


e Surface Expression of Ore Bodies: Some ore bodies, such as 
lead-zinc lodes or quartz veins, have visible surface expressions 
in the form of topographic forms, outcrops, gossans, or structural 
features like faults, fractures, and breccia zones. These can help 
in identifying the presence of mineral deposits in the area. 

e Weathering Residues: Minerals like iron ore, clay, caliche, 
bauxite, and some manganese and nickel ores are formed as 
weathering residues of present or ancient geomorphic cycles. 
These minerals are typically found on pleneplain or 
near-pleneplain surfaces, which are remnants of Tertiary erosional 
surfaces. 

e Placer Deposits: Placer deposits are mixtures of heavy metals 
formed through chemical weathering or erosion of metallic 
formations. These deposits are formed due to specific geomorphic 
processes and can be found in particular topographical positions. 
Examples of minerals found in placer deposits include gold, tin, 
platinum, and diamonds. 

. Oil Exploration: Many oil fields have been discovered due to their 
distinct topographic expression. Oil is usually trapped in rocks 
under structural or stratigraphic traps, with porous and permeable 
rocks like sandstone and limestone being ideal locations for oil 
deposits. Techniques such as drainage analysis using aerial 
photography can help identify areas with geological structures 


favorable for oil accumulation. 


In summary, the study of geomorphology can be highly beneficial in 
mineral exploration. Knowledge of the bedrock geology, geophysical 
surveying, test drilling, and aerial-photograph interpretation are 
essential components in the search for mineral deposits. A thorough 
understanding of the geomorphic history of a region can significantly 


aid in the discovery of valuable mineral resources. 


Geomorphology and 


Engineering Works 


Engineering projects typically involve evaluating various geologic factors, 
with terrain characteristics being among the most common. 
Geomorphology, the study of landforms and their processes, plays a vital 
role in several engineering fields, including road construction, dam site 
selection, airstrip construction, locating sand and gravel pits, military 
geology, urbanization, hazard management, and regional planning. 


e Road Construction: Determining the best highway routes 
depends on the topographic features of the area. Understanding 
the geologic structure, lithological and stratigraphic characteristics, 
strength of surface deposits, and geomorphic history of the area is 
crucial in road engineering. Different terrains, such as karst plains, 
glacial terrains, and areas with considerable relief, present unique 
engineering challenges. Modern highway construction also 
requires knowledge of soil profiles and their relationships to 
varying topographic conditions and types of parent material. 

e Dam Site Selection: Selecting appropriate dam sites involves 
synthesizing knowledge of geomorphology, lithology, and geologic 
structure of terrains. Good reservoir sites must meet several 
geologic conditions, including a watertight basin of adequate size, 
a narrow outlet with a suitable foundation, an adequate spillway, 
availability of construction materials, and assurance of a long 
reservoir life. Understanding the subsurface topography is 
essential for constructing a dam that will not leak or become 
structurally compromised. 

. Airstrip Construction: Constructing airstrips requires engineering 
skill and knowledge of landscape characteristics. Ideal airstrip 
sites have a flat surface with resistant materials, a nearly level 
slope, and good visibility. Geomorphological knowledge can be 
used to create a morphological map of the region where the 
airstrip will be built. 

. Locating Sand and Gravel Pits: Sand and gravel have 
numerous engineering, commercial, and industrial uses. Selecting 
suitable sites for sand and gravel pits involves evaluating geologic 
factors such as variation in grade sizes, lithologic composition, 
degree of weathering, amount of overburden, and continuity of 
deposits. Geomorphological knowledge helps identify the type of 
deposit and its potential for development. 

. Military Geology: Geomorphology plays a crucial role in military 
operations, as terrain appreciation and analysis are essential for 
proper planning. Geomorphologists can provide valuable insights 
into terrain conditions, influencing the interpretation of topographic 
maps and aerial photographs. 

e Urbanization: Urban geomorphology, the study of landforms in 


relation to urban development and management, has become a 
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distinct branch of geomorphology. An urban geomorphologist can 
help in the planning and development process by providing 
detailed information on topography, soils, hydrology, lithology, and 
terrain characteristics. 

e Hazard Management: Geomorphology is also crucial in 
identifying, predicting, and managing natural and man-made 
hazards. Geomorphic knowledge can be used to monitor seismic 
events, volcanic eruptions, floods, landslides, avalanches, and 
other hazards, as well as to assess their potential impacts and 
develop management strategies. 

. Regional Planning: Applied geomorphology also plays a role in 
regional planning, as balanced economic growth requires an 
understanding of each region's resources, both natural and 
human. Detailed information on topography, soils, hydrology, 
lithology, and terrain characteristics can help regional planners 


devise development projects best suited for the region. 


Other Applications 

Besides the areas mentioned above, applied geomorphology is also 
useful in fields such as soil mapping, beach engineering, soil erosion 
control, and land classification. It can also help control the adverse effects 
of human activities on geomorphic forms and processes, leading to the 


development of anthropogeomorphology as a separate branch. 


Techniques of Applied 


geomorphology 


Applied geomorphology focuses on the relationship between human 
activities and geomorphological processes. Some key aspects of applied 
geomorphology include mapping landforms that affect or are modified by 
human activity, interpreting aerial photographs and remote sensing 
images, monitoring environmental changes, assessing the causes of 
unsustainable changes, and proposing solutions to hazards resulting from 
these changes. 


. Aerial photographs and satellite images have made the 
preparation and interpretation of specialized maps more accurate 
and efficient. These images are useful for evaluating landforms 
and land use in relation to urban development plans, major 
construction projects, and more. Satellite images also play a vital 
role in studying global and country-level climatic phenomena, 
mineral prospecting, preparing land use inventories, and 
forecasting agricultural outputs. 

e Remote sensing involves collecting information about objects from 
a distance without direct contact, using sensors and cameras to 
measure the spectral behavior of the objects under study. The 
most common remote sensing techniques involve sensing 
electromagnetic radiation emitted by terrestrial objects. Each 
object has a unique scattering property, or signature, based on its 
molecular composition. Knowledge of these signatures is crucial 
for interpreting satellite images. 

e Remote sensing is essential for the sustainable management of 
natural resources such as soil, forests, crops, and oceans, as well 
as urban and town planning. Resource planners rely on remote 
sensing for up-to-date information on resource conditions and 


extent. Since these resources are dynamic and replenishable, 


ground-based monitoring systems often cannot keep up with their 
changes. Satellite-based surveys, on the other hand, can provide 
more frequent and consistent data. 

e Geographical Information Systems (GIS) technology is often used 
in conjunction with remote sensing techniques. GIS are spatial 
data-handling programs used to collect, store, and retrieve spatial 
data from the real world, containing only the data that researchers 


consider relevant. 


Remote sensing surveys offer several advantages over ground 


surveys, including: 


. A broader view, covering large areas at once. 

. A permanent record of ground conditions that can be verified later. 

. Faster data interpretation compared to ground surveys. 

. Access to thermal and microwave regions not visible to the naked 
eye. 

e Lower costs and less infrastructure required compared to ground 
surveys. 

. More cost-effective for repeated surveys. 

e Versatility, as the same data can be used for various purposes, 


such as soil, groundwater, or crop surveys. 
e Unaffected by weather conditions or other obstacles that hinder 


ground surveys. 


In summary, applied geomorphology is a vital field, utilizing aerial 
photographs, satellite images, and remote sensing techniques to 
study the relationship between human activities and 
geomorphological processes. This information is essential for 


sustainable resource management and urban planning. 


How do remote sensing techniques benefit applied geomorphology? 
A. They provide a broader view, covering large areas at once B. They offer a 
permanent record of ground conditions for later verification C. They allow 
access to thermal and microwave regions not visible to the naked eye D. All of 


the above 


Conclusion 


Applied geomorphology plays a critical role in various aspects of human 
interaction with the Earth's surface, from resource management and 
urban planning to hazard mitigation and infrastructure development. By 
understanding landforms and the processes that shape them, 
professionals in diverse fields can make more informed decisions, leading 
to sustainable development and better management of natural resources. 
The use of aerial photographs, satellite images, and remote sensing 
techniques has greatly enhanced the efficiency and accuracy of applied 
geomorphology, making it an indispensable tool for addressing the 


challenges posed by our ever-changing planet. 
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What is applied geomorphology, and why is it 


important? 


Applied geomorphology is the process of using geomorphic knowledge to 
address issues related to land use, resource management, and environmental 
planning. It is essential because it helps assess resources, plan development 
projects, identify potential natural hazards, and reduce the impact of natural 
disasters, ultimately leading to more informed decision-making in various fields, 


such as urban planning and mineral exploration. 


What are some specific applications of applied 


geomorphology? 


Applied geomorphology can be applied in various fields, including hydrology, 
mineral exploration, engineering works, military geology, urbanization, hazard 
management, and regional planning. It can help professionals in these fields 
better understand and address challenges posed by different landscapes and 


environments. 


How does applied geomorphology contribute 


to urban planning? 


Applied geomorphology can help urban planners make informed decisions 
about where to build and how to minimize the impacts of urbanization on the 
natural environment. This includes preserving vital ecosystems, reducing the 
risk of natural hazards, and guiding land use planning and development in 


diverse geomorphic environments. 


What role does remote sensing play in applied 


geomorphology? 


Remote sensing involves using sensors and cameras to collect information 
about objects from a distance without direct contact. It is crucial for interpreting 
satellite images, monitoring environmental changes, and providing accurate, 
up-to-date information about resource conditions and extent. Remote sensing is 
essential for sustainable management of natural resources and urban planning, 
as it offers a broader view, faster data interpretation, and more cost-effective 


monitoring compared to ground-based surveys. 


What is the relationship between GIS and 


applied geomorphology? 


Geographical Information Systems (GIS) technology is often used in 
conjunction with remote sensing techniques in applied geomorphology. GIS are 
spatial data-handling programs that collect, store, and retrieve spatial data from 
the real world. They help researchers analyze and interpret data collected 
through remote sensing, providing valuable insights for managing and planning 


our interactions with the earth's surface. 
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5. What are some techniques used in applied geomorphology? 


Ans. Some techniques used in applied geomorphology include aerial photography, satellite 
imagery, LiDAR (Light Detection and Ranging), topographic surveys, and geomorphological 
mapping. These techniques help in analyzing landforms, surface processes, and their spatial 
distribution, which are crucial for understanding and solving practical problems in various 


fields, such as geology, hydrology, environmental management, and engineering. 


1. What is applied geomorphology? 


Ans. Applied geomorphology is the study of landforms and the processes that shape them, 
with the purpose of understanding and solving practical problems. It involves the application 


of geomorphological knowledge and techniques to real-world issues and challenges. 


2. What are the two main lines of application of geomorphology? 


Ans. The two main lines of application of geomorphology are: - Geomorphology and Mineral 
Exploration: Geomorphological studies are used to identify potential mineral deposits by 
analyzing the landforms and surface processes that are indicative of mineralization. - 
Geomorphology and Engineering Works: Geomorphological knowledge is applied in 
engineering projects to assess and mitigate natural hazards, such as landslides, river erosion, 


and coastal erosion. 


3. How is geomorphology applied in mineral exploration? 


Ans. Geomorphology is applied in mineral exploration by examining the landforms and 
surface processes associated with mineralization. Certain landforms, such as alluvial fans or 
glacial moraines, can indicate the presence of mineral deposits. By studying the 
geomorphological characteristics of an area, geologists can identify potential locations for 


mineral exploration. 


4. In what ways is geomorphology used in engineering works? 


Ans. Geomorphology is used in engineering works to assess and mitigate natural hazards. By 
studying the landforms and surface processes, engineers can identify areas prone to 
landslides, river erosion, or coastal erosion. This knowledge helps in designing and 
implementing appropriate measures to prevent or reduce the impact of these hazards on 


engineering structures and human settlements. 


Development of Modern Landforms 


H originates from the Latin word "fluvius," which means 
Fluvial Landforms 
river. These landforms vary greatly in size, ranging from 
e Fluvial landforms are geological features created by the small features like rills to massive continental-scale units 


action of running water, primarily rivers. The term "fluvial" such as large rivers and their drainage basins. 
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e Approximately 68% of the Earth's land surface is drained ° 
by rivers flowing into the oceans. Rivers typically 
originate in elevated areas with a downward slope, e 
allowing water to run off. These highland regions serve 
as the catchment areas for rivers, with mountain crests 
acting as divides or watersheds from which the streams e 
flow. e 
e The initial stream, called the consequent stream, forms 
due to the downward slope. As this stream erodes the ° 
surface, it is joined by tributaries from either side. The 
drainage basin, or watershed, is a crucial component of 


fluvial geomorphology, encompassing the primary river 


Streams are few during this stage with poor integration 
and flow over original slopes 

The valley developed is thus deep, narrow and distinctly 
V-shaped with no floodplains or with very narrow 
floodplains. 

Downcutting predominates over lateral corrasion 
Streams divides are broad and flat with marshes, swamp 
and lakes. 

Some of the outstanding features which are developed in 
this stage are gorges, canyons waterfalls, rapids and 


river capture etc. 


and its tributaries. Mature 


Fluvial erosion occurs in various ways, including: 


° Hydration: The force of running water wears down e 
rocks. e 
e — Corrosion/Solution: Chemical reactions cause 
weathering. ° 
° Attrition: The transported material experiences wear and 
tear as it rolls and collides with other materials. 
e Corrasion or abrasion: The solid materials carried by e 
the river strike against rocks, wearing them down. 
e Downcutting (vertical erosion): The base of a stream is 
eroded, leading to valley deepening. e 
e Lateral erosion: The walls of a stream are eroded, e 
leading to valley widening. 
e Headward erosion: Erosion at a stream's origin causes it 
to move backward, lengthening the stream channel. Old 
e Hydraulic Action: River water mechanically loosens and 
sweeps away materials, primarily by surging into crevices 


and cracks in rocks and breaking them apart. 


e 
Braiding is another fluvial process where the main water channel 

e 
divides into multiple, narrower channels. Braided rivers consist of a 
network of channels separated by small, temporary islands called 
braid bars. This phenomenon occurs in rivers with a low slope e 
and/or a large sediment load. 

e 
Which of the following erosional processes involves water * 
mechanically loosening and sweeping away materials by surging e 


into crevices and cracks in rocks and breaking them apart? A. 


Hydration B. Corrasion C. Hydraulic Action D. Attrition 


River Course 


Youth 


During this stage, streams are plenty with good 
integration. 

Lateral corrasion tends to replace vertical corrasion 

The valleys are still V-shaped but wide and deep due to 
an active erosion of the banks; 

Trunk streams are broad enough to have wider 
floodplains within which streams may flow in meanders 
confined within the valley. 

Swamps and marshes of youth stage, as well as flat and 
broad inter-stream areas, disappear. The stream divides 
turn sharp. 

Waterfalls and rapids disappear. 

Meander and slip off slopes are the characteristic 


features of this stage 


The river moving downstream across a broad level plain 
is heavy with sediments. 

Vertical corrasion almost ceases in this stage though 
lateral corrasion still goes on to erode its banks further 
Smaller tributaries during old age are few with gentle 
gradients. 

Streams meander freely over vast floodplains. Divides 
are broad and flat with lakes, swamps and marshes. 
Depositional features predominate in this stage 

Most of the landscape is at or slightly above sea level 
Characteristic features of this stage are floodplains, 


oxbow lakes, natural levees and Delta etc. 


Headwater streams 
swiftly flow down 
steep mountain slopes 
and cut deep, v-shaped 
valleys. Waterfalls and 
rapids occur in this 

\\ zone, 


At the lowest elevations, 

a river meanders across 

a broad, nearly flat valley 
and floodplain. At a river's 
mouth, it may divide into 
separate channels asit 
flows across a delta 
extending out to sea. The 
coastal plain and delta 


Lower-elevation streams 
merge to flow down 
gentle slopes. Valleys 
broaden as coalescing 

> rs start to meander. 
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Oxbow Lake 


Splash Erosion 


e Splash erosion or rain drop impact represents the first 
stage in the erosion process. Splash erosion results 
from the bombardment of the soil surface by rain 
drops. 

° Rain drops behave as little bombs when falling on 
exposed or bare soil, displacing soil particles and 


destroying soil structure. 


Sheet Erosion 


e Sheet erosion occurs as a shallow ‘sheet’ of water 
flowing over the ground surface, resulting in the 
removal of a uniform layer of soil from the soil surface. 

e Water moving fairly uniformly with a similar 
thickness over a surface is called sheet flow, and is the 


cause of sheet erosion. 


Rills, and Gully 


e A rill is a shallow channel in some soil, created by the 
erosion of flowing water. Rills can generally be easily 
removed by tilling the soil. When rills get large enough 


that they cannot easily be removed, they’re known as 


gullies. 
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Nala or Rivulet 


e A rivulet is a small stream. 


Ravine 


e = A ravine is a landform that is narrower than a canyon and 
is often the product of streambank erosion. 
e Ravines are typically classified as larger in scale than 


gullies, although smaller than valleys. 


River Valleys 


e The extended depression on the ground through which a 
stream flows throughout its course is called a river valley. 

° At different stages of the erosional cycle, the valley 
acquires different profiles 

e Valleys start as small and narrow rills 

e The rills will gradually develop into long and wide gullies 

e The gullies will further deepen, widen and lengthen to 
give rise to valleys. 

e Depending upon dimensions, shape, types and structure 
of rocks in which they are formed, many types of valleys 
like the V-shaped valley, gorge, canyon, etc. can be 


recognised. 


I-shaped valley/Gorge 


° When the sides of the valley are almost parallel to each 
other, they form an ‘l’ shape and hence, these valleys are 
known as I-shaped valley. 

e A gorge is a deep and narrow valley with very steep to 
straight sides 

e A gorge is almost equal in width at its top as well as its 
bottom. 

e Gorges are formed in hard rocks. 


e Example- Indus Gorge in Kashmir 


Canyon 


e A canyon is a variant of the gorge. 
e Unlike Gorge, a canyon is wider at its top than at its 
bottom. 


° A canyon is characterised by steep step-like side slopes 
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e Canyons commonly form in horizontal bedded . 


sedimentary rocks 


. Example Grand Canyon carved by Colorado River, USA 


V-shape valley 


e The river is very swift as it descends the steep slope, and 
the predominant action of the river is vertical corrasion 
e The valley developed is thus deep, narrow and distinctly 


V-shaped 


retreats 


The river cuts down and 
deepens its valley. 


The river continues to widen 
its valley. 


The fiver widens ñs valley 
as it deepens it. 


Interlocking Spurs 


° Interlocking spurs are projections of high land that 


alternate from either side of a V-shaped valley. 


Waterfalls & Rapid 


Waterfalls are formed because of several factors like the 
relative resistance of rocks lying across the river, the 
relative difference in topographic reliefs e.g. in Plateau 
etc. 

A rapid is similarly formed due to an abrupt change in 
gradient of a river due to variation in resistance of hard 
and soft rocks traversed by a river 

Waterfalls are also transitory like any other landform and 
will recede gradually and bring the floor of the valley 


above waterfalls to the level below. 


Waterfall retreats 


Ridges of hard rock 
create an uneven slope. 


Plunge pool This creates rapids. 


Soft rock | 


Fallen rocks 


Hard rock Æ 


Potholes & Plunge Pool 


Potholes are more or less circular depressions formed 
over the rocky beds of hill-streams, because of stream 
erosion aided by the abrasion of rock fragments. 

Once a small and shallow depression forms, pebbles and 
boulders get collected in those depressions and get 
rotated by flowing water and consequently the 
depressions grow in dimensions. 

Eventually, such depressions are joined leading to 
deepening of the stream valley. 

At the foot of waterfalls also, large potholes, quite deep 
and wide, form because of the sheer impact of water and 
rotation of boulders. These deep and large holes at the 
base of waterfalls are referred to as plunge pools. 


These pools also help in the deepening of valleys 


e When rivers plunge down in a sudden fall of some height, Cataract 
they are called waterfalls e Cataracts are waterfalls on very large rivers. 

e Their great force usually wears out a plunge pool e The term cataract is usually applied to that section of a 
beneath rapidly flowing river where the running water falls 
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suddenly in a sheer drop. When the drop is less steep, 
the fall is known as a cascade. 


e A cataract is a powerful, even dangerous, waterfall. 


È 


Ait/Eyot . 


Structural Benches 


Step like sequence of geomorphic surfaces 


An ait or eyot is a small island. 

It is especially used to refer to river islands found on the 
River Thames and its tributaries in England. 

Aits are typically formed by the deposit of sediment in the 
water, which accumulates over a period of time. 

An ait is characteristically long and narrow, and may 
become a permanent island should it become secured 
and protected by growing vegetation. 

However, aits may also be eroded: the resulting sediment 
is deposited further downstream and could result in 
another ait. A channel with numerous aits is called a 


braided channel. 


Incised or Entrenched Meanders 


Incised or entrenched meanders are found cut in hard 
rocks. They are very deep and wide. 

In streams that flow rapidly over steep gradients, 
normally erosion is concentrated on the bottom of the 
stream channel. 

Entrenched meander normally occurs where there is a 
rapid cutting of the river bed such that the river does not 
get to erode the lateral sides. 

Meander loops are developed over original gentle 
surfaces in the initial stages of development of streams 
and the same loops get entrenched into the rocks 
normally due to erosion or gradual uplift of the land over 
which they started. 

They are widened and deepened over a long period of 
time and can be found as deep gorges and canyons in 
the areas where hard rocks are found. 

They give an indication of the status of original land 
surfaces over which streams have developed. 

Incised meanders are said to be an impact of river 


rejuvenation. 


Differential erosion of alternately arranged hard and soft 
rocks forming step-like valleys known as structural 
benches 

The benches formed due to differential erosion of 
alternate bands of hard and soft rock beds are called 
structural benches or terraces because of lithological 
control in the rate of erosion and consequent 


development of benches. 


River Terraces 


River terraces refer to surfaces relating to old valley floor 
or floodplain levels. 

They may be bedrock surfaces without any alluvial cover 
or alluvial terraces consisting of stream deposits. 

River terraces are basically products of erosion as they 
result due to vertical erosion by the stream into its own 
depositional floodplain. 

There can be a number of such terraces. They are found 
at different heights indicating former river bed levels. 
The river terraces may occur at the same elevation on 
either side of the rivers in which case they are called 


paired terraces 


old flood plain 


knickpoint 


Peneplain 


A peneplain (an almost plain) is a low-relief plain which is 


formed as a result of stream erosion 


° The peneplain is meant to imply the representation of a 
near-final (or penultimate) stage of fluvial erosion during 


times of extended tectonic stability. 


Drainage Basin 


e Other terms that are used to describe drainage basins 
are catchment, catchment area, catchment basin, 
drainage area, river basin, and water basin. 

e The drainage basin includes both the streams and rivers 
and the land surface. 

e The drainage basin acts as a funnel by collecting all the 
water within the area covered by the basin and 
channelling it to a single point. 

° In closed (endorheic) drainage basins the water 
converges to a single point inside the basin, known as a 
sink, which may be a permanent lake (e.g. Lake Aral, 
also known Aral Sea, Dead Sea), dry lake (some desert 
lakes like Lake Chad, Africa), or a point where surface 


water is lost underground (sinkholes in Karst landforms). 


Spring 


Tributary 


Confluence 


Drainage Divide 


Drainage Divide 


e Adjacent drainage basins are separated from one 
another by a drainage divide. 

° Drainage divide is usually a ridge or a high platform. 

° Drainage divide is conspicuous in case of youthful 
topography (Himalayas), and it is not well marked in 


plains and senile topography. 


Drainage Patterns 


e The drainage pattern of a stream refers to the typical 
shape of a river course as it completes its erosional cycle 

e They are governed by the topography of the land, 
resistance and strength of base rocks and the gradient of 


the land 


There are various types of drainage patterns which are 
described briefly as below: 


Dendritic Drainage Pattern 
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e It is the most common form of drainage system. 

e The drainage pattern resembling the branches of a tree is 
known as dendritic In a dendritic system, there are many 
contributing streams, which are then joined together into 
the tributaries of the main river 

e The examples of Dendritic Pattern include the rivers of 


northern plain such Indus. 


Trellis Drainage Pattern 


e In the trellis drainage pattern, the primary tributaries of 
rivers flow parallel to each other and they are joined by 
secondary tributaries at the right angle. 

e The geometry of a trellis drainage system is similar to 
that of a common garden trellis used to grow vines. 

e Trellis drainage is characteristic of folded mountains, 

e Examples of trellis pattern include the drainage system of 
the Appalachian Mountains in North America and Seine 


and its tributaries in Paris basin (France) etc. 


Parallel Drainage Pattern 


e A parallel drainage system is a pattern of rivers caused 
by steep slopes with some relief. 

e The parallel drainage pattern is observed in a uniformly 
sloping region where the tributaries seem to be running 
parallel to each other. 

e A parallel pattern sometimes indicates the presence of a 
major fault that cuts across an area of steeply folded 
bedrock. 

e Examples of this system include the rivers of Lesser 


Himalaya 


Rectangular Drainage Pattern 


e Rectangular drainage develops on rocks that are of 
approximately uniform resistance to erosion, but which 
have two directions of joining at approximately right 
angles. 

e In the rectangular drainage pattern, the mainstream 
curve at right angles and the tributaries join the 
mainstream at right angles. 


° Example Colorado river the USA 


Angular Drainage Pattern 


e Angular drainage pattern is commonly observed in foothill 
regions. 
e Angular drainage patterns form where bedrock joints and 


faults intersect at more acute angles than rectangular 


drainage patterns. Angles are both more and less than 
90 degrees 
e the mainstream is joined by the tributaries at acute 


angles. 


Radial Drainage Pattern 


e When the rivers originate from a hill and flow in all 
directions, the drainage pattern is known as radial . 

e Volcanoes usually display excellent radial drainage. 
Other geological features on which radial drainage 
commonly develops are domes and laccoliths. 

e The rivers originating from the Amarkantak range present 


a good example of it. 


Centripetal Drainage Pattern 


e When the rivers discharge their waters from all directions 
in a lake or depression, the pattern is known as 
centripetal . 

e Examples — streams of Ladakh, Tibet and Loktak Lake in 


Manipur (India) 


Annular Drainage Pattern 


° In an annular drainage pattern streams follow a roughly 
circular or concentric path along a belt of weak rock, 
resembling in plan a ring-like pattern. 

° Example of such system include Black Hill streams of 


South Dakota, USA 


Drainage patterns 


Fluvial Landforms — Depositional 


° Fluvial Depositional landforms are made by river 
sediments brought down by extensive erosion in the 
upper course of the rivers. 

e Rocks and cliffs are continually weathered and eroded in 
the youth stage or upper course of the river. 

e The river moving downstream on a level plain brings 


down a heavy load of sediments from the upper course. 
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e The decrease in stream velocity in the lower course of 
the river reduces the transporting power of the streams 
which leads to deposition of this sediment load. 

e Coarser materials are dropped first and finer silt is carried 
down towards the mouth of the river 

° This depositional process leads to the formation of 
various depositional landforms through fluvial action such 


as Delta, Levees and Flood Plain etc. 


Alluvial Fans and Cones 


e An alluvial fan is a cone-shaped depositional landform 
built up by streams, heavy with sediment load. 

e Alluvial fans are formed when streams flowing from 
mountains break into foot slope plains of low gradient. 

° Normally very coarse load is carried by streams flowing 
over mountain slopes. This load gets dumped as it 
becomes too heavy to be carried over gentler gradients 
by the streams 

e Furthermore, this load spreads as a broad low to a high 
cone-shaped deposit called an alluvial fan that appears 
as a series of continuous fans. 

° Alluvial fans in humid areas show normally low cones 
with a gentle slope from head to toe and they appear as 
high cones with a steep slope in arid and semi-arid 


climates. 


Feeder channel 


Floodplains 


e Floodplain is a major landform of river deposition. 

e Deposition develops a floodplain just as erosion makes 
valleys. 

ry Rivers in the lower course carry large quantities of 
sediments 

e Large sized materials are deposited first when stream 
channel breaks into a gentle slope. 

e Sand, silt and clay and other fine sized sediments are 
carried over gentler channels by relatively slow-moving 
waters 

e During annual or sporadic floods, these materials are 
spread over the low lying adjacent areas. A layer of 
sediments is thus deposited during each flood, gradually 


building up a floodplain 


In plains, channels shift laterally and change their 
courses occasionally leaving cut-off courses which get 
filled up gradually by relatively coarse deposits. 

The flood deposits of spilt waters carry relatively finer 
materials like silt and clay. 

Active Floodplain — A riverbed made of river deposits is 
the active floodplain. 

Inactive Floodplain — The floodplain above the bank is 
an inactive floodplain. Inactive floodplain above the 
banks basically contains two types of deposits flood 
deposits and channel deposits. 

Delta plains — The floodplains in a delta are called delta 


plains. 


FEATURES OFA 
FLOODPLAIN 


Doab is the tract of land between two converging rivers. 
Doab is a term used in South Asia particularly in India 
and Pakistan to refer to ” tongue” or tract of land lying 


between two converging rivers. 


Natural Levees 


This is an important landform associated with floodplains. 
They are found along the banks of large rivers. 

They are low, linear and parallel ridges of coarse 
deposits along the banks of rivers on both sides due to 
deposition action of the stream, appearing as natural 


embankments. 


At the time of flooding, the water is spilt over the bank. As 


the speed of flow of the water comes down, large sized 
sediments with high specific gravity are dumped along 
the bank as ridges. 

They are high nearer the banks and slope gently away 
from the river. 

Generally, the levee deposits are coarser 

When rivers shift laterally, a series of natural levees can 
form. 

Artificial embankments are formed on the levees to 
minimize the risk of the floods. 

But sudden bursts in the banks due to the pressure of 
water can cause disastrous floods. 

An example of such flood can be seen in Hwang Ho river 


which is also called China s sorrow. 
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Ox bow lake 


Silt, sand and aluminium [im Sand and gravel 


Point Bars & Cut Banks 


Point Bar is also associated with floodplain 

Point bars are also known as meander bars. 

A point bar is a depositional feature 

It is formed by alluvium that accumulates in a linear 
fashion on the inside bends of streams and rivers below 
the slip-off slope. 

They are found on the convex side of meanders of large 
rivers. 

They are almost uniform in profile and in width and 
contain mixed sizes of sediments. 

Long and narrow depressions can be found in between 
the point bars where there is more than one ridge 
Rivers build a series of them depending upon the water 
flow and supply of sediment. 

As the point bars are built by the rivers on the convex 
side, erosion takes place on the concave side of the 
bank. 

Cut banks are found on the outside of a bend in a river. 
Cut banks are caused by the moving water of the river 


wearing away the earth. 


<«—— floodplain ————__» 


Meanders 


In large flood and delta plains, rivers rarely flow in 
straight courses. Loop-like channel patterns called 
meanders develop over flood and delta plains 

Normally, in meanders of large rivers, there is active 
deposition along the convex bank and undercutting along 
the concave bank. 

If there is no deposition and no erosion or undercutting, 


the tendency to meander is reduced. 


° The concave bank is known as a cut-off bank which 
shows up as a steep scarp and the convex bank presents 


a long, gentle profile and is known as the slip-off bank. 


Oxbow Lake 


e In the lower course of a river, meanders become very 
much more pronounced 

e As meanders grow into deep loops, the same may get 
cut-off due to erosion at the inflexion points and are left 
as independent water bodies, known as ox-bow lakes. 

e Through subsequent floods that may silt up the lake, 
oxbow lakes are converted into swamps in due course of 


time. It becomes marshy and eventually dries up 


Deposition takes place, 
scaling off the olf meander 


Riffle and Pool 


° Pools: An area of the stream characterized by deep 
depths and slow current. Pools are typically created by 
the vertical force of water falling down over logs or 
boulders. The movement of the water carves a deeper 
indentation in the stream bed. Pools are important 
because they can provide depth and still water. 

° Riffles: An area of stream characterized by shallow 
depths with fast, turbulent water. The riffles are short 
segments of the stream where water flow is agitated by 
rocks. The rocky bottom provides protection from 
predators, food deposition, and shelter. Riffle depths vary 
depending upon stream size but can be as shallow as 1 
inch or deep as 1 meter. The turbulence and streamflow 


result in high dissolved oxygen concentration. 


Steammargn 


Riffle: Fast, shallow flow over 
boulders and cobbles which break 
the waler surface 


Plan View 


Bluff 


e A bluff is a small, rounded cliff that usually overlooks a 
body of water, or where a body of water once stood. 


° Bluff is a ridge of land that extends into the air. 
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Braided Channels 


e A braided channel consists of a network of river channels 
divided into multiple threads and separated by small and 
often temporary islands called eyots . 

e Braided channels are commonly found where water 
velocity is low and the river is heavy with sediment load 

° Deposition and lateral erosion of banks are essential for 
the formation of the braided pattern. 

e There is the formation of central bars due to selective 
deposition of coarser material which diverts the flow 
towards the banks causing extensive lateral erosion 

e As the valley widens due to continuous lateral erosion, 
the water column is reduced and more and more 
materials get deposited as islands and lateral bars 


developing a number of separate channels of water flow. 


° Deltas are fan-shaped alluvial areas, resembling an 
alluvial fan 

e This alluvial tract is, in fact, a seaward extension of the 
floodplain 

e The load carried by the rivers is dumped and spread into 
the mouth of the river at sea. Further, this load spreads 
and piles up as a low cone 

e Unlike in alluvial fans, the deposits making up deltas are 
very well sorted with clear stratification. The coarsest 
sediments are deposited first and the finer sediments are 
carried out further, into the sea. 

e Deltas extend sideways and seaward at an amazing rate 

e As the delta grows, the river distributaries continue to 
increase in length and Delta continues to build up into the 
sea. 

e Some deltas are extremely large. For example, the 


Ganges delta is as big as the whole west of Malaysia 


Types of Deltas: There are great variations in size, shape, 
growth, and importance of Deltas. A great number of factors 
influence the eventual formation of deltas such as depth of the 


river, sedimentation, sea-bed, character of tides, waves, and 


currents, etc. owing to these factors several types of deltas can 


be found. 


° Bird s foot delta It s a kind of delta featuring long, 
stretching distributary channels, which branch outwards 
resembling the foot of a bird. Deltas that are less 
subjected to wave or tidal action culminates to a bird s 
foot delta. Example the Mississippi River has a bird s foot 
delta extending into the Gulf of Mexico 

e  Arcuate delta Arcuate is the most common type of delta. 
This is a fan-shaped delta. It s a curved or bowed delta 
with a convex margin facing the sea. Arcuate deltas have 
a smooth coastline due to the action of the waves and 
the way they are formed. Examples — The Nile, Ganges, 
and Mekong river deltas 

° Cuspate delta A few rivers have tooth-like projections at 
their mouth, known as the cuspate delta. Cuspate deltas 
are formed where the river flows into a stable water body 
(sea or ocean). The sediments brought down by the 
rivers collide with the waves. As a result, Sediments are 
spread evenly on either side of its channel. Example 
Ebro river delta in Spain 

° Estuarine delta some rivers have their deltas partly 
submerged in the coastal waters to form an estuarine 
delta. This may be due to a drowned valley because of a 


rise in sea level. Example Amazon river delta 


Conditions Favorable for the Formation of Delta 


° Active vertical and lateral erosion in the upper course of 
the river to provide extensive sediments to be eventually 
deposited as deltas. 

e The coast should be sheltered preferable tideless. 

e The sea adjoining the delta should be shallow or else the 
load will disappear in the deep waters. 

e There should be no large lakes in the river to filter off the 
sediments. 

e There should be no strong current running at right angles 


to the river mouth, washing away the sediments. 


97 


(a) Structure of a simple delta 


(b) Cuspate delta 


(c) Arcuate delta 


Types of Delta 


Marine Landforms 


e Waves are the most potent agents of marine erosion, 
primarily caused by winds sweeping over the water 
surface, generating a series of rolling swells that move 
forward. As these waves approach the shallow waters 
near the shoreline, their speed decreases, and they 
become curved and refracted according to the coast's 
alignment. 

e — When the shallow water is less than the height of the 
waves, their forward movement is impeded, causing the 
wave crest to curl over and break on the shore. The 
water that rushes up the beach and throws rock debris 
against the land is known as swash, while the water that 
retreats or is pulled back is referred to as backwash. 

e Another component of offshore drift is an undertow, a 
current that flows near the bottom, away from the shore. 
This current exerts a pulling effect that can be hazardous 


for those swimming in the sea. 
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Types of Erosion 


Erosion is the process of breaking down and carrying away 
rocks and sediments by natural forces such as wind, water, and 
ice. In coastal areas, several types of erosion are carried out by 
sea waves, winds, currents, tides, and storms. There are four 


main types of erosion: 


Corrasion or Abrasion: This type of erosion occurs 
when waves carry rock debris of various sizes and 
shapes, which crash against the base of cliffs and wear 
them down. This process, known as corrosion, helps 
break down the cliffs and make them more susceptible to 
further erosion. Incoming tides and waves then complete 
the process by carrying away the eroded material into the 
sea. 

Attrition: Attrition is the process by which waves 
transport beach materials such as boulders, pebbles, 
shingles, and fine sand, causing these materials to 
collide with each other and break into smaller pieces. 
This grinding and polishing of materials against the cliff 
faces and one another result in the formation of the fine 
sand that makes up beaches. 

Hydraulic Action: Hydraulic action refers to the erosion 
that takes place when the movement of water against a 
rock surface results in mechanical weathering. It involves 
the ability of moving water, such as flowing currents or 
waves, to dislodge and transport rock particles. Hydraulic 
action is different from other water-related erosion 
processes, like static erosion, where water dissolves 
salts and carries away organic material from 
unconsolidated sediments, or chemical erosion, which is 
more commonly known as chemical weathering. 
Hydraulic action is a mechanical process in which the 
water current flows against the banks and bed of a river, 
removing rock particles as it goes. 

Solvent Action: Solvent action is another form of 
erosion, though it mainly affects soluble rocks like 
limestone and chalk. In this process, the solvent or 
chemical action of seawater on calcium carbonate 
causes chemical changes in the rocks, leading to their 
disintegration. This type of erosion is most pronounced 
along limestone coasts, where the interaction between 
seawater and the calcium carbonate in the rocks leads to 
the breakdown and eventual erosion of the rock 


formations. 
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Marine Transportation 


Solution — minerals are dissolved in the water and 
carried along in solution. 

Suspension - fine light material is carried along in the 
water. 

Saltation — small pebbles and stones are bounced along 
the sea bed. 

Traction — large boulders and rocks are rolled along the 


sea bed. 


Suspension Traction Solution Saltation | 


Marine Landforms — Erosional 


Headlands and Bays 


Coastal cliffs do not erode at a uniform rate, leading to 
the formation of headlands and bays when the coastline 
consists of varying rock types. Softer rocks like clay and 
sand are less resistant to erosion and tend to wear away 
more quickly, resulting in the creation of bays. A bay is a 
curved indentation in the coastline where the land slopes 
inward, typically featuring a beach. 

On the other hand, harder rocks such as chalk are more 
resistant to erosion. As the softer rocks erode, these 
harder rocks protrude into the sea, forming headlands. 
Erosional features like wave-cut platforms and cliffs are 
commonly found on headlands, as they are more 
exposed to the force of the waves. Bays tend to be more 
protected, with constructive waves depositing sediment 


to create a beach. 


Hard rock 


Differential erosion Headland 


Coastline changes 
over time 


Cliffs and Wave-Cut platforms 


Cliffs are shaped through erosion and weathering. 
Soft rock erodes quickly and forms gentle sloping 
cliffs, whereas hard rock is more resistant and forms 
steep cliffs. A wavecut platform is a wide gently sloping 


surface found at the foot of a cliff. 


A Wave-Cut Platform is Formed When the Following 


Occurs 


The ocean constantly assaults the cliffs foundation, 
specifically in the area between the high and low tide 
marks. 

A wave-cut notch, which is a small indentation in the cliff, 
forms as a result of erosion processes like abrasion and 
hydraulic action, typically occurring at high tide level. 

As this notch grows larger, the cliffs stability is 
compromised, leading to its eventual collapse and the 
retreat of the cliff face. 

The water then washes away the debris from the erosion, 
leaving behind a flat, wave-cut platform. This cycle 
continues, causing the cliff to progressively recede over 


time. 


4. Cliff retreats 4. Original 


position of cliff 


Notch increases 
and cliff collapses 


2. Wave-cut notch 


» 5. Wave-cut platform 
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Caves, Arches, Stacks, and Stumps 


2. Lines of weakness 


Caves, arches, stacks, and stumps are all examples of 
erosional features that can typically be found on a 
headland. These unique formations are created through 
a series of natural processes, mainly hydraulic action and 
abrasion, which help to widen existing cracks in the 
headland. 

Over time, waves persistently erode and grind against 
these cracks, causing them to expand and eventually 
develop into a cave. As the erosion continues and the 
cave grows larger, it may eventually break through the 
entire headland, resulting in the formation of an arch. 

The base of this arch is continually subjected to further 
erosion, causing it to widen until the weight of the arch's 
roof becomes too heavy to support itself. At this point, the 
roof collapses into the sea, leaving behind a stack, which 
is a tall, isolated column of rock. 

When a section of the sea arch collapses, the remaining 
vertical structure is referred to as a stack, skarry, or 
chimney rock. As the erosion process continues, the 


base of the stack is undercut, eventually causing it to 


collapse and form a stump. 


1. Original shape 


of headland 


Headland stack | 


Sea cave 


3. Undercutting 


Ria, and Cove 


A ria is a type of coastal inlet created when a river valley 
that has not been glaciated becomes partially 
submerged. This results in a drowned river valley that 
remains connected to the sea. 

On the other hand, a cove is a small, sheltered bay or 
inlet that typically has a narrow or restricted entrance. 
Coves can also be found at the opening of a creek or 
another small body of water. They are typically formed 
through the erosion of soft rock formations, leaving 
behind more durable rock that shapes a circular or oval 
bay with a limited entrance. 

Coves are generally smaller in size, with a width of less 
than 1000 feet, and can be even smaller, with some 


measuring less than 100 feet in diameter. 
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Geos and Gloups (blowholes or marine geyser) e Beaches consist of eroded materials that have been 


s ? , carried from other locations and deposited by the sea. 
e The intermittent splashing of waves on a cave's roof can 


‘2 PE This process requires waves with limited energy, which is 
cause the joints to expand as air is repeatedly 


E why beaches frequently form in sheltered areas like bays. 
compressed and released within them. This process can 


; Constructive waves, characterized by a strong swash 
eventually create a natural shaft that might break through 


. and a weak backwash, contribute to the formation of 
the surface. When waves crash into the cave, they can 


; : ee beaches. 
force water or air out of this hole, which is referred to as a 


e Sandy beaches are commonly found in bays with shallow 
Gloup or blowhole. 


. , water and less energetic waves. In contrast, pebble 
e As blowholes continue to enlarge and waves persistently 


, beaches tend to develop in areas with cliff erosion and 
impact the cave, the roof becomes weaker. If the roof 


higher energy waves. The cross-section of a beach is 
eventually collapses, a long, narrow creek called a Geos 


referred to as the beach profile, which consists of multiple 
may form. 


ridges called berms. These berms indicate the lines of 


Chasms high tide and storm tides. 


e Sandy beaches usually have a gentle slope in their 


e These are narrow, deep indentations (a deep recess N : . 
p ( p profile, while shingle beaches can be much steeper. At 


tch on the ed rf: f thi d 
ornoteh on the edgeior surface of something) carve the top of the beach, the material is larger due to the 


due to headward erosion (downcutting) through ‘ : ’ 
high-energy storm waves carrying larger sediment. The 


vertical planes of weakness in the rocks by wave a 
smallest material is found closest to the water, where the 


action. 
waves break and gradually wear down the rock through a 


e With time, further headward erosion is hindered by lateral on 
process called attrition. 


erosion of chasm mouth, which itself keeps widening till a 


bay is formed. Spits and Hook 


Creek, and Inlet e A spitis an extended stretch of sand or shingle 


jutting out into the sea from the land. Spits occur 


e Creek: natural stream of water normally smaller than A , 
when there is a change in the shape of the landscape or 


and often tributary to a river. creek is a narrow, , , 
there is a river mouth. 


sheltered waterway, especially an inlet in a shoreline or zL : 
y, esp y e This is how spits are formed: 


channel in a marsh. 
e Sediment is carried by longshore drift. 


e Inlet: An inlet is an indentation of a shoreline, usually When there is a change in the shape of the 
e i i 


long and narrow, such as a small bay or arm, that g i Se oui 
coastline, deposition occurs. A long thin ridge of 


often leads to an enclosed body of salt water, such as a oa R A , 
material is deposited. This is the spit. 


sound, bay, lagoon, or marsh. r ches 
j yag e Ahooked end can form if there is a change in wind 


direction. 
Marine Landforms — Depositional 
e Waves cannot get past a spit, therefore the water 
When water loses its energy, any sediment it is carrying is 
deposited. The build-up of deposited sediment can form behindia spitis- very’shieltered: Silts:are: deposited 


different features along the coast. here to form salt marshes or mudflats. 


Bay barrier 
Beach Barrier Lagoon 
\, Tombolo spit i 


Salt Marsh 
Direction of Longshore Drift 


Wave-cut platform 


Wave-built terrace 
Bars, Lagoons and Barrier 


Beaches 


e Sometimes a spit can grow across a bay and join two 
headlands together. This landform is known as a bar. 
They can trap shallow lakes behind the bar, these are 
known as lagoons. Lagoons do not last forever and may 
be filled up with sediment. 


e Barrier: It is the overwater counterpart of a bar. 


Prevailing wind 


Longshore art 


Tombolos & Dumb Ball 


e A tombolo is a sandy isthmus. Sometimes, islands are 
connected with mainland by a bar called tombolo. 
° If two islands are connected to each other by a bar is 


called Dumb Ball. 


Lo; 
ON 
Teng 


Sand Spit 


OCEAN 


Baymouth Bar 


ae 
Inlet 
Sea Island 


Marine Dunes & Dune Belts 


e With the force of on-shore winds, a large amount of 
coastal sand is driven landwards forming extensive 
marine dunes that stretch into dune belts. 

e Their advance inland may engulf farms, roads & even the 
entire villages; 

° Hence to arrest the migration of dunes, sand binding 
species of grass & shrubs, such as marram grass & 


pines are planted. 


Karst Landforms 


° Karst topography is a landscape formed by the 
dissolution of soluble rocks, such as limestone, dolomite, 
and gypsum. This type of terrain is characterized by 
underground drainage systems, sinkholes, and caves. It 
is most prominently developed in dense carbonate rock, 
like limestone, which is thin-layered and highly fractured. 

° Karst topography is not commonly found in chalk, as 
chalk is highly porous rather than dense. This means that 
groundwater flow is not concentrated along fractures. 
Karst landscapes are also more likely to develop in areas 


with low water tables, such as uplands with entrenched 
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valleys, and where there is moderate to heavy rainfall. 
This encourages the rapid downward movement of 
groundwater, promoting the dissolution of bedrock. In 
contrast, stagnant groundwater becomes saturated with 
carbonate minerals, preventing further dissolution of the 
bedrock. 

e Karst landscapes can be found in various parts of the 
world, including the Causses in France; the Kwangsi 
region of China; the Yucatan Peninsula; and the Middle 
West, Kentucky, and Florida in the United States. In 
India, karst topography is present in the Vindhya region 
(primarily southwestern Bihar), the Himalayas (parts of 
Jammu & Kashmir, Robert Cave, Sahasradhara, the 
eastern Himalayas, and areas near Dehradun), 
Pachmarhi in Madhya Pradesh, Gupt Godavari Cave in 
Chitrakoot (U.P.), the surrounding coast near 
Vishakhapatnam (Borra Caves), and Bastar in 
Chhattisgarh. 

e Borra Caves, also known as Borra Guhalu, are 
situated on the East Coast of India, within the 


Ananthagiri hills of the Araku Valley. 


Doline / Sinkhole 
Sinking stream 


Sinking stream 


A 
Cave < 
Water 


Characteristics of Karst Landforms 


° Karst regions are characterized by a stark landscape, 
with occasional steep slopes. These areas typically lack 
surface drainage, as most of the water seeps 
underground, leaving surface valleys dry. Streams tend to 
carve their paths along the joints and fissures in the rock, 
creating an intricate system of underground channels. 

e When water reaches the base of the limestone and 
encounters non-porous rocks, it resurfaces as a spring or 
resurgence. Limestone is heavily jointed, and rainwater 
seeps into the rock through these joints and cracks. Over 
time, the process of dissolution widens these cracks, 
eventually forming unique features known as limestone 
pavements. The widened joints are referred to as grikes, 


while the isolated, rectangular blocks are called clints. 


e Swallow holes, also known as sinkholes, are small 
depressions on the limestone surface, created by the 
dissolution process as rainwater sinks into the limestone 
at weak points. Water that seeps into limestone carves 
out caverns and passages along the joints. When 
multiple swallow holes merge, they form a larger hollow 
known as a doline. The gradual caving or subsidence of 
several dolines can result in an even larger depression 
called an uvala. In some instances, such as in 
Yugoslavia, large depressions called poljes may form, 
covering up to 100 square miles and being partially 
caused by faulting. 

° Underground streams descending through swallow holes 
lead to the formation of caves and caverns, which may 


contain ponds or lakes. The most striking features of 


Non-limestone 
protective caprock — 


Karst 
valley — 


Ridgetop 
pond 


Base-level 
stream 
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limestone caves are stalactites, stalagmites, and calcite 
pillars. Water carries dissolved calcium, and when this 
water evaporates, it leaves behind solidified crystalline 
calcium carbonate. 

Stalactites are sharp, slender, downward-growing 
pinnacles that hang from cave ceilings. As moisture drips 
from the ceiling, it flows down the stalactites and falls to 
the floor, depositing calcium and forming stalagmites, 
which are shorter, wider, and more rounded. Over an 
extended period, the stalactite hanging from the ceiling 
eventually connects with the stalagmite growing from the 


floor, creating a pillar. 


Karst 
window P Cave entrance 


Sinking stream 


SEES 


CEĽI 


Base-level 
cave passage 


Vertical scale exaggerated 


What is the primary difference between a sandy beach and 
a shingle beach? A. Sandy beaches have a steeper slope in their 
profile. B. Shingle beaches are found in areas with cliff erosion and 
higher energy waves. C. Sandy beaches usually form in bays with 
deep water and more energetic waves. D. Shingle beaches consist 


of eroded materials carried from other locations and deposited by 


the sea. 


Erosional landforms of Karst topography 


Blind Valley 


A steephead valley, steephead or blind valley is a deep, 
narrow, flat bottomed valley with an abrupt ending. 

Karst valley abruptly terminated by the passage 
underground of the watercourse which has hitherto 


resisted the karst processes and remained at the surface. 


passages 


Swallow Hole/Sinkholes/Doline 


A sinkhole, also known as a cenote, sink, sink-hole, 
swallet, swallow hole, or doline (the different terms for 
sinkholes are often used interchangeably), is a 
depression or hole in the ground caused by some 
form of collapse of the surface layer. 
Most are caused by karst processes — for example, the 
chemical dissolutionof carbonate rocks or suffosion 
processes 
The surface streams which sink disappear underground 
through swallow holes. 
Local names: 

° Black hole — Sea water 

° Blue hole- deep under water 

e — Cenotes- Belize (British Honduras) 

e — Sotanos- Mexico 


e Tomo- New Zealand 


Clift 


° When the Solution hole is dippen over a period of time 


then the dipped part is called Clift. 


Pinnacles 


e Vertical rock blades fretted sharped by dissolution. 


Lapies/Karren 


° It is formed due to differential solution activity along 
parallel to sub-parallel joints. They are also called 
grooved, fluted and ridge-like features in an open 
limestone field. 

° The most widespread surface karst landforms are small 
solution pits, grooves and runnels, collectively called 


Karren. 


Limestone Pavements 


e It is a smoother form of lapies. 


Sinking Creeks/Bogas 


° In a valley, the water often gets lost through cracks and 
fissures in the bed. These are called sinking creeks, and 


if their tops are open, they are called bogas. 


Karst Window/Fenster 


e Karst fenster is a geomorphic feature formed from the 
dissolution of carbonate bedrock. 
° In this feature, a spring emerges, then the discharge 


abruptly disappears into a sinkhole. 


e A karst fenster is caused by a caving in of portions of the 


roof of a subterranean stream, thus making some of the 
underground stream visible from the surface. 
e When a number of adjoining sink holes collapse, they 


form an open, broad area called a karst window. 


Uvalas 


° Karst depressions that are much larger than sinkholes 
and that display gentler slopes and more complex 
three-dimensional shapes are known as uvalas. 

° Uvalas is collection of multiple smaller individual 
sinkholes that coalesce into a compound sinkhole. 

e A single uvala typically contains numerous sinkholes 


within it. 


Polje 
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e A polje, also karst polje or karst field, is a large flat 
plain found in karstic geological regions of the world, 


with areas usually 5 to 400 km2. 


~ 
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e An opening at the top with water collected in the void of 


the surface with varying depth 


Caves/Cavern 


e This is an underground cave formed by water action by 
various methods in a limestone or chalk area. 

e Cave formation is prominent in areas where there are 
alternating beds of rocks (shales, sandstones, quartzites) 
with limestones or dolomites in between or in areas 
where limestones are dense, massive and occurring as 


thick beds 


Karst Lake 


e Karst lakes are formed as the result of a collapse of 
subterranean caves, especially in water soluble rocks. 

e such as limestone, gypsum, and dolomite. 

e This process is known as karstification. They can cover 
areas of several 100 square kilometers. 

e Their shallow lakebed is usually an insoluble layer of 
sediment so that water is impounded, leading to the 
formation of lakes. Many karst lakes only exist 


periodically but return regularly after heavy rainfall. 
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Depositional landforms of Karst 


topography 


Stalactites & Helictite 


e The water containing limestone in solution, seeps 
through the roof in the form of a continuous chain of 
drops. 

e A portion of the roof hangs on the roof and on 
evaporation of water, a small deposit of limestone is left 
behind contributing to the formation of a stalactite, 
growing downwards from the roof. 

e Usually, the base is broader than the free end of the 
hanging stalactites. 

e The ones that descend vertically are known as 
stalactites, whereas the ones that extend horizontally 


or diagonally are known as helictites. 


Stalagmites & Halagmite 


e A stalagmite is a type of rock formation that rises from 
the floor of a cave due to the accumulation of material 
deposited on the floor from the ceiling drippings. 

e It is an upward-growing mound of mineral deposits 
that have precipitated from water dripping onto the floor 
of a cave. 

e Ones that extend horizontally or diagonally from 


stalagmites are known as Halagmite. 


Cave Pillars 


e The combination or fusion of stalactites and stalagmites 
form the pillars 


° The diameters of pillars vary 
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Drapes/Curtain 


e Numerous needle-shaped dripstones hanging from the 


cave ceiling are called Drapes or Curtains. 


Tufa 


e Tufa is a variety of limestone formed when carbonate 
minerals precipitate out of ambient temperature 
water. 

° Geothermally heated hot springs sometimes produce 
similar (but less porous) carbonate deposits, which are 


known as travertine. 


Travertine 


e Travertine is a sedimentary rock formed by the chemical 
precipitation of calcium carbonate minerals from 
freshwater, typically in springs, rivers, and lakes that is, 
from surface and ground waters. 


e Developed form of Tufa is Travertine. 


Drip Stone 


e Calcium carbonate rock deposited in caves by the 
precipitation of calcite from water as excess 
dissolved carbon dioxide is diffused into the 
atmosphere. 

e Dripstone takes various forms, including stalactites, 
helictites (having spiral form), curtains, ribbons, and 


stalagmites. 


Terra Rossa 


° Terra Rossa is a well-drained, reddish, clayey to silty 


clayey soil with neutral pH conditions. 


Human Activities of Karst Region 


ry Karst regions are often barren & at best carry a thin 
layer of soil. 

e The porosity of the rocks & the absence of surface 
drainage make vegetative growth difficult, hence 
limestone can usually support only poor grass. 

° Limestone vegetation in tropical regions is luxuriant 
because of heavy rainfall all the year around. 

e The only mineral found in association of limestones is 
lead. 

e Good quality limestone is used as building materials 


& quarried for cement industry. 


Karst regions 


Glacial Landforms 


Glaciers 


A glacier is a huge mass of ice that moves slowly over 
land. The term “glacier” comes from the French word 
glace (glah-SAY), which means ice. Glaciers are often 
called “rivers of ice.” 

Glaciers normally assume the shape of a tongue, 
broadest at the source & becoming narrower downhill. 
Though glacier is not liquid, but it moves gradually 
under the continual pressure from the snow 
accumulated above. 

The rate of movement is greatest in the middle where 
there is little obstruction. 

The sides & bottom are held back by the frictions due to 
valley sides & valley floors. 

If a row of stakes is planted across a glacier in a straight 
line, they will eventually take a curved shape down the 
valley, showing that the glacier moves faster at the center 
than at the sides. 

Glacial Landforms can be found in locations that 
currently have no active glaciers or glaciation 
processes. 

Glaciers fall into two groups: alpine glaciers and ice 
sheets 

Alpine glaciers 

e Alpine glaciers form on mountainsides and 
move downward through valleys. 

e Sometimes, alpine glaciers create or deepen 
valleys by pushing dirt, soil, and other materials 
out of their way. 

e Alpine glaciers are found in high mountains of 
every continent except Australia (although there 
are many in New Zealand). 

e The Gorner Glacier in Switzerland and the 
Furtwangler Glacier in Tanzania are both typical 
alpine glaciers. 

e Alpine glaciers are also called valley glaciers 


or mountain glaciers. 


Ice sheets 

e Ice sheets, unlike alpine glaciers, are not limited 
to mountainous areas. They form broad domes 
and spread out from their centers in all 
directions. 

e As ice sheets spread, they cover everything 
around them with a thick blanket of ice, 
including valleys, plains, and even entire 
mountains. 

e The largest ice sheets, called continental 
glaciers, spread over vast areas. Today, 
continental glaciers cover most of Antarctica and 
the island of Greenland. 

° Massive ice sheets covered much of North 
America and Europe during the Pleistocene 
time period. This was the last glacial period, also 
known as the Ice Age. Ice sheets reached their 
greatest size about 18,000 years ago. As the 
ancient glaciers spread, they carved and changed 
the Earth’s surface, creating many of the 
landscapes that exist today. 

e During the Pleistocene Ice Age, nearly 
one-third of the Earth’s land was covered by 
glaciers. Today, about one-tenth of the Earth’s 


land is covered by glacial ice. 


Accumulation zone 


„Cirque basin 


K 
Outwash plain 


The Ice-Age and Ice Masses 


An ice age is a long period of reduction in the 
temperature of Earth’s surface and atmosphere, 
resulting in the presence or expansion of continental and 
polar ice sheets and alpine glaciers. 

Earth’s climate alternates between ice ages and 
greenhouse periods, during which there are no glaciers 
on the planet. 


Earth is currently in the Quaternary glaciation. 
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° Today, only 2 major ice caps are present in this world e Abrasion: Glacier scratches, scrapes, polishes & scours 
— Antarctica & Greenland, along with many highlands the valley floor with the debris frozen into it. 
above the snowline surviving in the world. 

e Ice from the ice cap creeps out in all directions to escape Glacial Landforms — Erosional 
as glaciers. 

e — When the ice sheets reaches down to the sea they float 
as ice shelves in polar waters. os CNS \ SOG : Tt 

e When ice sheets break into individual blocks, these are 
called icebergs. 

e While afloat in the sea, only 1/9th of the iceberg’s 


mass is visible above the surface. 


e — They diminish in size when reaching warm waters & 


C. Glaciated topography 


eventually melted, dropping the rock debris that was 
frozen inside them on the sea bed. Snout or Glacier Terminus 


° Permanent snowfield is sustained by heavy snowfall in e A glacier terminus, toe, or snout, is the end of a 


winters & ineffective snow melting & evaporation in glacier at any given point in time. 


summers as part of snow that melt during the day is e The terminus is the usually the lowest end of glacier. 


refrozen during the night. 
° This refreezing process repeats until it forms a hard, Corrie, Cirque or cwm 


granular substance known as neve or firn. 
e The downslope movement of a glacier from its 
° Owing to the gravitational forces, neve of the upland 
snow-covered valley head & the the intensive shattering 


snowfield is drawn towards the valley below, which marks 
of the upland slopes, tend to produce a depression where 


the beginning of the flow of glacier (river of ice). 
neve or firn accumulates. 


e Plucking & abrasion further deepen the depression into a 
Glacial Cycle of Erosion 
steep horse shoe-shaped basin called Cirque (in French), 


e Youth: The stage is marked by the inward cutting activity cwm (in wales) & Corrie (in Scotland) 


of ice in a cirque. Aretes and horns are emerging. The e There is a rocky ridge at the exit of the corrie & when the 


hanging valleys are not prominent at this stage. ice eventually melts, water collect behind this barrier 


° Maturity: The valley glacier gets transformed into a trunk known as Corrie Lake or tarn. 


glacier and hanging valleys start emerging. The opposite 


cirques come closer and the glacial trough acquires a 
mechanical weathering 


/ (e.g. freeze-thaw) of headwall 


randkluft 


stepped profile that is regular and graded. 

e Old Age: The emergence of a ‘U’-shaped valley marks 
the beginning of old age. An outwash plain with features 
such as eskers, kame terraces, drumlins, kettle holes, 


etc. is a prominent development. The opposite cirques moraine 


meltwater 
drainage 


coalesce and the summit heights are greatly reduced. 


Mountain tops become rounded. 


subglacial erosion 
of cirque floor 


Glacial Landforms 
Cols 
e _Glaciations generally gives rise to erosional features 


in the highlands & depositional features on lowlands. © Cols form when two cirque basins on opposite sides of 


e It erodes its valley by two processes viz. plucking & the mountain erode the aréte dividing them. 


abrasion e Cols create saddles or passes over the mountain. 


° Plucking: Glacier freezes the joints & beds of underlying 


rocks, tears out individual blocks & drags them away. HENS 


e Horns are a single pyramidal peak formed when the 


summit is eroded by cirque basins on all sides. 


Aretes and Pyramidal Peaks 


° When two corries cut back on opposite sides of the 
mountain, knife edged ridges are formed called arêtes 
e When three or more cirques cut back together, recession 


will form an angular horn or pyramidal peak. 


Bergschrund 


e At the head of a glacier, where it begins to leave the 
snowfield of a corrie, a deep vertical crack opens up 
called a Bergschrund or Rimaye 

e This happens in summer when although the ice 
continues to move out of the corrie, there is no new snow 
to replace it 

° In some cases, not one but several such cracks occur 
which present a major obstacle to climbers 

° Further down, where the glacier negotiates a bend or a 


precipitous slope, more crevasses or cracks are formed. 
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Roche Moutonnée 


e Basically, a resistant residual rock hummock or mound, 
striated by the ice movement. 

° Its upstream or stoss side is smoothened by abrasion & 
its downward or leeward side is roughened by plucking & 
is much steeper. 

° It is believed that plucking may have occurred on the 
leeward side due to a reduction in pressure of the glacier 
moving over the stoss slope 

° Therefore providing the opportunity for water to refreeze 


on the lee side and pluck the rock away. 


Glacier ice ogame 


Direction 
of the ice. 
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Crag and Tail 


e A crag and tail is a larger rock mass than a Roche 
moutonnee 

e Like a Roche moutonnee, it is formed from a section of 
rock that was more resistant than its surroundings. 

e Crag is a mass of hard rock with a steep slope on the 
upward side, which protects the softer leeward slope 
from being completely worn down by the oncoming ice. 

e It therefore has a gentle tail strewn with the eroded rock 


debris. 


Plucking and Moraines are 
abrasion often 

erode the deposited on 

stoss side of the top of the 
the feature tail 


Crag is steep sided 
and has cracksin 
it from plucking 


a Less resistant 
rock gives the 
tail, which has a 
gentler gradient 


Nunatak 


e A nunatak is the summit or ridge of a mountain that 
protrudes from an ice field or glacier that otherwise 
covers most of the mountain or ridge. They are also 
called glacial islands. 

° Nunatak is a mountain peak or other rock formation 


that is exposed above a glacier or ice sheet. 


Paternoster Lakes 


e A paternoster lake is one of a series of glacial lakes 
connected by a single stream or a braided stream 
system. 

e Paternoster lakes are formed in the low depression of a 
U-shaped valley. 

° Paternoster lakes are created by recessional moraines, 
or rock dams, that are formed by the advance and 


subsequent upstream retreat and melting of the ice. 


U shaped glacial Troughs & Ribbon lakes 


e Glaciers on their downward journey are fed by several 
corries scratches & grind the bedrock with straightening 
out any protruding spurs. 

e The interlocking spurs are thus blunted to form truncated 
spurs with the floor of the valley deepened. 

e Hence, the valley which has been glaciated takes the 
characteristic of U shape, with a wide flat floor & very 
steep sides. 

° After the disappearance of the ice, the deep sections, of 
these long, narrow glacial troughs may be filled with 
water forming Ribbon lakes also known as Trough lakes 


or Finger Lakes. 


Hanging Valleys 


e — The main valley is eroded much more than the tributary 
valley as it contains a much larger glacier. 

e After the ice has been melted, a tributary valley hangs 
above the main valley & plunges down as a waterfall. 
Such Tributary valleys are termed as hanging valleys. 

° Hanging valleys may form a natural head of water for 


generating hydroelectric power. 


River Waterfall 


Main 
U-shaped Valley 


Hanging Valley 


Rock Basins and Rock Steps 


e A glacier erodes & excavates the bed rock in an irregular 
manner. 

° The unequal excavation gives rise to many rock basins 
later filled by lakes in valley trough. 

e Where a tributary valley joins a main valley, the additional 
weight of ice in the main valley cuts deeper into the valley 
floor & deepest at the point of convergence forming rock 
steps. 

e A series of such rock steps may also be formed due to 
different degrees of resistance to glacial erosion of the 


bedrocks. 


Fjord 
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e If the glacier flows right down to the sea, it drops its load 
of moraine in the sea. 

e If sections break off as icebergs, moraine material will 
only be dropped when they melt 

e Where the lower end of the trough is drowned by the sea, 
it forms a deep, steep side inlet called a Fjord, a typical of 
Norway & Chilean coast. 

e Fjords are common in Norway, Greenland and New 


Zealand. 


Fjord 
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Glacial Landforms — Depositional 


Drumlin field 


Retreating 


glacier End moraine 


Recessional 
end moraine 


Ground moraine 


Boulder clay or Glacial till 


e This is an unsorted glacial deposit comprising a range of 
eroded materials such as boulders, sticky clays & fine 
rock flour. 

e It is spread out in sheets, not mounds, & forms gently 
undulating till or drift plains with monotonous landform. 

e The degree of fertility of such glacial plains depends very 


much on the composition of the depositional materials. 


Erratics 


e Boulders of varying sizes are transported by ice & left 
stranded in the regions of deposition when the ice 
melted, called erratics because they are composed of 
materials entirely different from those of the regions in 
which they have been transported. 

° Useful in tracing the source & direction of ice movements 
but their presence in large numbers causes hindrance in 


farming. 
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e Also known as perched blocks as sometimes they are Outwash Plains 


found perched in precarious positions as the ice dropped i , : 
e Made up of fluvio glacial deposits washed out from the 


them. 
terminal moraines by the streams of stagnant ice mass. 
e The melt waters sort & redeposit the material mainly 
Moraines 
consisted of layers of sand and other fine sediments. 
e Moraines are made up of pieces of rock that are e Such plains with their sandy soils are often used for 
shattered by frost action, embedded in the glaciers & specialized kinds of agriculture, such as the potato. 


brought down the valley. 
e Those that fall on the sides of the glacier form lateral Kettle lake 


moraines. . re 
e Depressions are formed when the deposition takes place 


° When two glaciers converge, their inside lateral moraines , : i 
in the form of alternating ridges. 


unite to form a medial moraine. . i . 
e Shallow, sediment-filled bodies of water formed by 


e The rock fragments which are dragged along, beneath p , 
retreating glaciers. 


the frozen ice, are dropped when the glacier melts & 


spread across the floor of the valley as ground moraine. K 
ames 


e The glacier eventually melts on reaching the foot of the 


. F , e — Small rounded hillocks of sand & gravel which cover part 
valley & the pile of transported materials left behind at the 


, i , , of the plain. 
snout is terminal moraine or end moraine. 


a , . e Kames are often associated with kettles, and this is 
e The deposition of end moraines may be in several 


: : referred to as kame & kettle topography. 
succeeding waves, as the ice may melt back by stages 


: : . e Kame is also called Hummocks. 
so that a series of recessional moraines are formed. 


Drumlins 


ke Retreating 
Recessional Kame blocks glacier 
moraine A j 


e  Drumlins are oval-shaped hills, largely composed of Terminal 


moraine 


Crevasses 


Tunnel 


glacial drift, formed beneath a glacier or ice sheet and 
aligned in the direction of ice flow. 
e They are widespread in formerly glaciated areas and 
are especially numerous in Canada, Ireland, Sweden, Ground moraine 
and Finland. 


e They are low hills up to 1.5 km long and 60 mm tall & 


appear steeper on the onset side & taper off at the Pe ri g lacial La ndfo rms 
leeward side. 

e They are arranged diagonally & commonly referred as a e The term periglacial (near-glacial) literally means 
basket of eggs topography. around the ice or peripheral to the margins of the 

° ‘Basket of egg topography’ is the topography of glaciers but now this term is used for both ‘periglacial 
drumlins, which are generally found in clusters. landscape’ and ‘periglacial climate’. 

° Drumlin fields are areas with numerous drumlins. e Periglacial areas are those which are in permanently 


(perennially) frozen condition but without permanent 
Eskers ice cover on the ground surface. 


e The periglacial climate is characterized by mean annual 
e Eskers are the sinuous ridges composed of glacial 


temperature ranging between 1°C and — 15°C and 
material mainly sands & gravel deposited by meltwater 
mean annual precipitation of 120 mm to 1400 mm 
currents in glacial tunnels 
(mostly in solid form). 
° Glacial tunnels mark the former sites of sub glacial melt 
° Periglacial landform is a feature resulting from the action 
water streams 
of intense frost, often combined with the presence of 
e Their orientation is generally parallel to the direction of 


permafrost. Periglacial landforms are restricted to areas 
glacial flow, and they sometimes exceed 100 kilometers 


in length. 


that experience cold but essentially nonglacial 
climates. 

Periglacial regions are very active geomorphological 
areas. The Mechanical splitting of rocks by ice 
(gelifraction), frost heaving of the ground (geliturbation), 
solifluction and nivation are all important processes. In 
addition, each spring, large quantities of water from 
melting snow and ice rapidly erode the debris scattered 
and moved down the slopes. Wind action is also a 
significant force. 

In 1950 L.C Peltier put forward the concept of a 
periglacial cycle of erosion. This is similar to the 
Davisian concept of the normal cycle of erosion, and the 
periglacial landscape attains old age after passing 
through the stages of youth and maturity. 

During this entire period there is erosion of the higher 
parts and deposition in low-lying parts, resulting in overall 
reduction in relief, and the slope profile gradually 
becomes smooth and flat. The process by which there 
is gradual flattering of the surface in the periglacial 
regions is called ‘cryoplanation’. 

In this process there is parallel retreat of the scarp face 
by frost shattering and the development and gradual 
extension of gentle slope at its base by deposition and 
transport of debris. 

Cryoplanation is thus achieved primarily by the 
processes of intense frost action or congelifraction 
and solifluction or congeliturbation. The penultimate 
landform is a surface of low local relief, not controlled by 
any base level, and has been called a ‘cryoplain‘ or an 
‘altiplain’. 

The present-day periglacial zones are found in the 
Arctic regions of Alaska, Canada, Greenland, and 
Siberia and also in Antarctica, and the fossil zones of 
Pleistocene, and other past Ice Ages. 

Permafrost and the active layer are the two most 
striking features of periglacial areas. 

e Permafrost is a condition where a layer of soil, 
sediment, or rock below the ground surface 
remains frozen for a period greater than a year 
(for at least 2 years). Permafrost is not a necessary 
condition for creating periglacial landforms. However, 
many periglacial regions are underlain by permafrost 
and it influences geomorphic processes acting in this 
region of the world. 

e Permafrost is found in about 25 percent of the 


Earth’s non-glaciated land surface. It occurs 
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wherever the mean annual ground temperature is 
less than 0° Celsius. Common depths of permafrost 
are several hundred meters. Most deposits of 
permafrost have an upper active layer that is 
between 1 to 3 meters thick. This active layer is 


subject to a cyclic thaw during the summer season. 


Small Large 


Active Layer 


Evolution of the Periglacial Erosion Cycle 


The evolution of the periglacial erosion cycles its different 


stages have been as: 


Stage 1 (Initial surface) 


The cycle begins with the onset of periglacial 
conditions. In this initial stage congelifraction is 
especially active as a result of which there is shattering 
of the bare rocks on the upper slopes, and block 
fields are formed by the accumulation of angular rock 


fragments. 


Stage 2 (Early or young stage) 


The rock fragments move downhill along the slope by 
gravity, and talus or congeliturbate mantled slope is 
formed at the base of the slope. 

During this period nivation hollows, as well as 
cryoplanation terraces, also begin to be formed on the 
higher slopes. 

Till the end of the young stage, the scarp of the terraces 
starts retreating by frost action, and the terrace benches 


are extended by scarp retreat. 


Stage 3 (Mature Stage) 


With further passage of time, the scarps are destroyed 
by continual recession and in their place only residual 
or for features are left on the summits or slopes. 

This is the beginning of maturity when the original 
landscape is lost and the valleys and lower slopes are 
covered with a mantle of frost shattered and soliflucted 


materials. 


Stage 4 (Old Stage of cryoplanation) 


e Towards the end of maturity and in old age, the 
higher land is further reduced and levelled on 
account of solifluction, and the accumulation of debris 
goes on increasing in the neighbouring valleys and 
low-lying lands, and the periglacial surface is 
converted into an almost level plain. 

° The debris becomes fine on account of continual frost 
weathering and solifluction (gelifluction) by further 
disintegration and abrasion. 

e The finer debris is transported by the wind, and loess 
and sand dunes are formed at places, and areas of 


ventifacts and lag deposits develop by the blowing 


away of finer materials by the wind. 


OLD STAGE 


Congelifractate covered 
surface of downwasting 


Taking the different slope forms found in periglacial regions as 


the basis, Peltier has tried to synthesize them and arrange them 
in a sequence. His hypothesis thus provides an overall 
framework for the understanding of the slope evolution in 
periglacial regions, but it does not provide an analysis of 
how exactly slope form is influenced by frost shattering 
and solifluction. Further, adequate attention has not been paid 
to other processes, especially the influence of running water. 
But the concept of scarp recession by frost shattering and 
the resultant extension of the terraces is by itself an 
important and useful concept that helps us to understand the 
formation of cryoplanation terraces, summit tors, nivation 


hollows & cryopedimerts. 


Periglacial Landforms — Erosional 


Freeze-Thaw Cycle 


e Freeze-thaw weathering is a process of erosion that 
happens in cold areas where ice forms. A crack in a rock 


can fill with water which then freezes as the temperature 
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drops. As the ice expands, it pushes the crack apart, 
making it larger. When the temperature rises again, the 
ice melts, and the water fills the newer parts of the crack. 
The water freezes again as the temperature falls, and the 
expansion of the ice causes further expansion to the 


crack. This process continues until the rock breaks. 


Freeze-thaw alternated 
the rock-fracture. 


Water penetrated Water frozen and expanded 


the volume of cracks 


into rock 


Nivation Hollow 


e Hollows produced by snow-patch erosion or nivation 
are called nivation hollows which are generally found 
along the hillsides in various forms. They extend from a 
few metres to 1.5 kilometres. 

° In time, these hollows may trap more snow and may 
deepen further with more nivation so that cirques or 
thermocirques are formed. 

e They are classified on the basis of shape into: (i) 


Transverse hollows (ii) Longitudinal hollows. 


Asymmetrical Valley 


e An asymmetric valley is a valley that has steeper 
slopes on one side. Valley has one side steeper than 
the other, the opposing slopes having significantly 
contrasting angles. 

° This contrast may be caused by geologic structure or 
variation in the nature and intensity of erosional (e.g. 
periglacial) processes and there may be contrasts in the 
vegetation on the opposing slopes. 

e Such valleys are common in past and present periglacial 
environments, where aspect has a significant effect on 
the nature of frost-based processes and on the depth of 


the active layer. 


Cryoplanation Terraces or Goletz Terraces 


° Cryoplanation terraces (also known as altiplanation or 
goletz terraces and by several other terms) are 
periglacial landforms consisting of nearly horizontal 
bedrock surfaces or benches backed by 
frost-weathered bedrock cliffs. 

e  Cryoplanation Terraces (CTs) are erosional landforms 
reminiscent of giant staircases, with alternating shallow 
sloping treads and steep scarps leading to extensive 


flat summits. 
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Patterned Ground is called palsa which is about 10m in height and 10 to 


20 m in diameter and is mostly found in the periglacial 
° When Ice from below makes upward pressure the 


i , : environment of arctic and subarctic areas. 
overlying sedimendary flat rocks are being weathered 


, e Palsa may be destroyed by rise in water table in the 
and cracks are developed, these cracks it seems are 


i nearby swamps or by fracture in its upper surface. 
having some pattern on ground. 


PES , e It is formed by frost heaving under the influence of 
° A process called frost heaving is responsible for these 


ice segregation. 
features. 


Stone Strips Periglacial Landforms — Depositional 


TER ; BlockFields or Felsenmeer 
e A stone stripe is an elongated concentration of mostly 


talus-like basalt rock found along a hillside or the base of , 
° Blockfields are areas covered by large angular blocks, 


a cliff. Many stone stripes occur without cliffs. 2 , 
traditionally believed to have been created by 


e Stone stripes are thought to have been originally f th ti 
reeze-thaw action. 


created by periglacial conditions of the Quaternary , , 
e Block field refers to the natural collection of large stone 


period during an Ice age. It is likely their formation ; , i i 
blocks at the flat surface of the hill tops in the periglacial 


originates from multiple processes including frost action, i 
areas. These block fields are also called blockmeer 


surface erosion, eluviation, and mass wasting. 
and falsenmeer. The stone blocks are formed due to 


However, it is likely that intense freeze and thaw cycles , f N 
frost weathering (congelifraction). 


account for the natural sorting of the rock debris within a 


stone stripe, and also accounts for the shallow depth of Patterned Ground 


the stripes, since frost penetration is thought to not 


; ; e Blockfields sometimes takes some geometrical 
penetrate deeper than 1 meter in the region. 


shapes (like circles, polygons, nets, stripes and 
e A stone stripe is identified by its lack of vegetative cover. pes (like:ci n FOYygonS; PARP 
garlands) and are so systematically arranged are called 
Pingo Patterned Ground. 
e Patterned Ground is erosional as well as depositional 
° Pingo is an Eskimo word that means isolated dome-like 


landforms in periglacial. 
low mounds or hills found in permafrost areas. This 
word was first used by A.E. Porsild in the year 1938. 
They are found in continuous as well as discontinuous 
permafrost areas. 
e They are abundantly found in the arctic areas (65° N ) 
of Canada, Alaska, Greenland and Siberia. 


e They range in height from a few metres to 60 metres 


(sometimes they are as high as 100 metres) and from a 


few metres to 300 metres in diameter. Small pingos have 


Tors 


closed tops whereas big pingos have open tops. 


e Tors, one of the most controversial landforms, are piles 


Hummocks of broken and exposed masses of hard rocks having 
e Small upstanding wrinkles on the surface of permafrost a crown of rock blocks of different sizes on the top 
are called hummocks. These are formed due to and clitters (trains of blocks) on the sides. The rock 
squeezing of the ground surface because of lateral blocks, main components of tors, may be cuboidal, 
pressure exerted by freezing of active layer. rounded, angular, elongated etc. in shape. 
e They may be seated at the top of the hills, on the flanks 
Palsa of the hills or on flat basal platforms ranging from 6 m to 


30 m in height. They are found in different climates 
e A special category of hummock found in swampy areas 
varying from cold to hot and dry to humid. Though tors 
and composed of peats having thin ice layers inside 


have developed over almost all types of rocks but they 


are frequently found in the regions of granites. 


Boulder Fields 


° Boulder Field is a periglacial feature that formed as a 
direct result of its proximity to the end moraine. 
Accumulations of rock debris in the valley floors are 
called stone streams or boulder fields. 

e The stone is well sorting of rock debris in the stone 
streams. The upper layer consists of large and coarse 
debris while the lower layer is dominated by fine 
materials. Water channel is developed between the valley 
walls and stone stream. Sorting of rock debris occurs 
through the process of frost Heaving. Stone streams 
move downslope due to the force of gravity, frost heaving 


and solifluction. 


Desert Landforms/Arid 


Landforms 


Desert 


° A desert is a barren area of landscape where little 
precipitation occurs and, consequently, living conditions 
are hostile for plant and animal life. The lack of 
vegetation exposes the unprotected surface of the 
ground to the processes of denudation. About one-third 
of the land surface of the world is arid or semi-arid. 

e This includes much of the Polar Regions, where little 
precipitation occurs, and which are sometimes called 


polar deserts or “cold deserts“. Deserts can be classified 
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by the amount of precipitation that falls, by the 
temperature that prevails, by the causes of 


desertification, or by their geographical location. 


(cps 


South 
America 


Australia 


QuickGs.com 


e About 1/5 of the world’s land is made up of deserts. 

e Deserts that are absolutely barren, where nothing 
grows are known as true deserts. 

e Insufficient & irregular rainfall, high temperature & rapid 
rate of evaporation are the main causes of the desert’s 
aridity. 

e Almost all the deserts are confined within 15 degree — 30 
degree parallels to N-S of the equator known as trade 
wind deserts or tropical deserts. 

e They lie in the trade wind belt on the western parts of 
the continents. 

e Offshore trade winds are often bathed in cold currents 
which produces a desiccating (dehydrating) effect, hence 


moisture is not easily condensed into precipitation. 


Types of Desert 


e Hamada/Rocky Desert 
e Consist of large stretches of bare rocks, swept 
clear of sand & dust by wind. 
° Exposed rocks are thoroughly smoothened, 
polished & highly sterile 
e Reg/Stony Desert 
e Composed of extensive sheets of angular pebbles 
& gravels which the wind is not able to blow off. 
e Stony deserts are more accessible than sandy 
deserts & large herds of camels kept there. 
. Erg/Sandy Desert 
e Also known as the sea of sand 
e Winds deposit vast stretches of undulating sand 
dunes in the direction of winds 
e Badlands 
e Consists of gully & ravines formed on hill slopes & 
rock surfaces by the extent of water action 


° Not fit for agriculture & survival 


e Finally leads to the abandonment of the entire 

region by its inhabitant 
° Mountain Deserts 

e Deserts which are found on the highlands such as 
on plateaus & mountain ranges, where erosion has 
dissected the desert highland into rough chaotic 
peaks & uneven ranges. 

e Their steep slopes consist of Wadis (dry valleys) 
with sharp & irregular edges carved due to the 


action of frost. 


Hamada / Rocky Desert Reg / Stony Desert 


Erg / Sandy Desert Badlands 


Mountain Deserts 


Mechanism of Desert/Arid Erosion 


e Weathering 

. Most potent factor in reducing rocks to sand in arid 
regions. 

e Even though the amount of rain that falls in a 
desert is small, but manages to penetrate into 
rocks & sets up chemical reactions in various 
minerals it contains. 

e Intense heating during the day & rapid cooling 
during the night by radiations, set up stresses in 
already weakened rocks, hence they eventually 
crack. 

e When water gets into cracks of a rock, it freezes at 
night as the temperature drops below the freezing 
point & expands by 10 % of its volume. 

e Successive freezing will prise of fragments of 
rocks which get accumulated as screes. 

e As heat penetrates rock, its outer surface gets 
heated & expands, leaving its inner surface 
comparatively cool. 

e Hence, outer surface prise itself from the inner 


surface & peels 
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rock surface heats 
up and expands 


original rock 
surface 


joints form in the outer 
part of the rock 


broken. A 
rocks 


Action of Wind 


e Efficient in arid regions as little vegetation or moisture 


to bind the loose surface materials. 


It is carried out in the following ways: 


e Deflation 

° Involves lifting & blowing away of loose materials 
from the ground 

° Blowing capacity depending largely on the size of 
the material lifted from the surface 

e Finer dust & sands may be removed miles away 
from their place of origin & may get deposited even 
outside the desert margins. 

° Deflation results in the lowering of the land surface 
to form large depressions called Deflation hollows. 

e Abrasion 

e Sandblasting of rock surfaces by the wind when 
they hurl sand particles against them 

e This results in rock surfaces being scratched, 
polished & worn away 

e Abrasion is most effective near the base of the 
rocks, where the amount of material the wind is 
able to carry is greatest. 

° This explains why telegraphic poles in the deserts 
are protected by covering of metal for a foot or two 
above the ground. 

e Attrition 

e When wind-borne particles roll against one another 
in the collision, they wear each other away 

° Hence their sizes are greatly reduced & grains are 


rounded into millet seed sand. 


Deflation 


Deflation 


sand removed fror 
the depression 

by the wind is 
deposited as dunes 


prevailing wind 


depression 
produc 
by deflation 


water seeps out of aquifer and 
forms swamps or an oasis 


Desert Landforms by Wind Erosion 


° Rock pedestals/Mushroom Rocks 


Formed by the sandblasting effect of winds against 
any projecting rock masses 

It wears down the softer layer leading to the 
formation of irregular edges on alternate bands of 
softer & harder rocks. 

Grooves & hollows cut in the rock surfaces, carve 
them into grotesque-looking pillars known as rock 
pedestals. 

Such rock pillars will be further eroded near their 
bases where friction is greatest. 

This process of undercutting produces rocks of 


mushroom shape called mushroom rocks. 


less resistant 
resistant rock 
rock 


resistant rock 
is worn away 
more slowly 


abrasion 

is greatest 
near to 
ground level 


rocky mass formed of 
alternate layers of resistant 
and less-resistant rock 


e Messa and Butte 


Mesa is a Spanish word meaning ‘table’. It is a flat, 
table-like landmass with a very resistant horizontal 
top layer and very steep sides. The hard stratum 
on the surface resists denudation by both wind and 
water, and thus protects the underlying layers of 
rocks from being eroded away. 

Mesas may be formed in canyon regions e.g. 


Arizona, or on fault blocks e.g. the Table Mountain 
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of Cape Town, South Africa. Continued denudation 
through the ages may reduce mesas in the area so 
that they become isolated flat-topped hills called 


buttes. 


° Zeugen 


Tabular masses which have a layer of soft rocks 
lying beneath a surface layer of more resistant 
rocks 

Difference in the erosional effect of the wind on 
soft & resistant rock surfaces, carve them into 
weird looking ridge & furrow landscape 
Mechanical weathering initiates their formation by 
opening up joints of the surface rocks 

Wind abrasion further eats into the underlying 
softer layer so that deep furrows are developed 
The hard rock then stand above the furrows as 
ridges or Zeugen 

Zeugen may stand 10 to 100 feet above the 
sunken furrows 

Continuous abrasion by winds gradually lowers the 


Zeugen & widens the furrow. 


e Yardangs 


Yardangs looks quite similar to Zeugen but instead 
of lying in horizontal strata upon one another, the 
hard & soft rocks of Yardangs are vertical bands 
Rocks are aligned in the direction of prevailing 
winds. 

Winds abrasion excavates the bands of softer 


rocks into long, narrow corridors, separating the 
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steep-sided over handing ridges of hard rock R ; WT] prevailing wind sand removed from 
Ventifacts (dreikanter) ~e the depression 
depression by the wind is 

called Yardangs. produced deposited as dunes 


Wind abraded by deflation 


a South African 
Word meaning 
“three corners.” 


water seeps out of aquifer and 
forms swamps or an oasis 


e Deflation Hollows 
e — Winds lower the ground by blowing away the 
unconsolidated materials, and small depressions 


may form. Similarly, minor faulting can also initiate 


depressions and the eddying action of on-coming 


e Isenberg (Island Mountain) winds will wear off the weaker rocks until the water 
e They are basically isolated residual hills rising table is reached. 
abruptly from the ground level e Water then seeps out forming oasis or swamps, in 
e Characterized by very steep slopes & rather the deflation hollows or depressions. 
rounded tops e Large areas in the western U.S.A., stripped of their 
e They are often composed of granite or gneiss natural vegetation for farming, were completely 
e Are probably relics of an original plateau, which deflated when strong winds, moved materials as 
has been almost entirely eroded away. dust storms, laying waste crops and creating what 


is now known as the Great Dust Bowl. 


Round-topped, steep-sided inselbergs 


e Ventifacts & Dreikanter 


e These are pebbles faceted by sand-blasting. They 


Deserts Landforms by wind deposition 


are shaped and thoroughly polished by wind 


abrasion to shapes resembling Brazil nuts. Rock e Materials eroded & transported by winds must come to 


fragments, mechanically weathered from rest Somewhere. 


mountains and upstanding rocks, are moved by e The finest dust travels enormous distances in the air 


wind and smoothed on the windward side. sometimes as long as 2300 miles before they settle 


e Ifthe wind direction changes another facet is down. 


developed. Such rocks have characteristic flat e The dust from Sahara desert is sometimes blown across 


facets with sharp edges. the Mediterranean to fall as blood rains in Italy or on 


e Amongst the ventifacts those with three the glaciers of Switzerland. 


wind-faceted surfaces are called dreikanter. These ‘ Dust that settles in Hwang Ho basin (also known as 


wind-faceted pebbles form the desert pavement a Hwangtu -— the yellow earth) from the Gobi desert has 


smooth, mosaic-like region, closely covered by the been accumulated over past centuries to a depth of 


numerous rock fragments and pebbles. several hundred feet 
e As wind borne materials are shifted according to their 
coarseness, it can be expected that the coarser sands 


will be too heavy to be blown out of desert limits. 
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e They remain as dunes or other depositional e Long-rooted sand-holding trees and grasses are 
landforms within desert themselves. therefore planted to halt the advance of the dunes 
thus preventing areas of fertile land from being 
devastated. 

e Under the action of winds, barchans take a chaotic 
changing pattern. Several barchans may coalesce 
into a line of irregular ridges, ever-changing with 
the direction of the winds. Ergs or sandy deserts 


are thus most difficult to cross. 


Dunes 


° Dunes are, in fact, hills of sand formed by the 
accumulation of sand and shaped by the movement 


of winds. 


e They may be active or live dunes, constantly on the 


move, or inactive fixed dunes, rooted with vegetation. 


e Seifs or Longitudinal Dunes: 


e Dunes are most well represented in the erg desert where , 
e They are long, narrow ridges of sand, often over a 


a sea of sand is being continuously moved, reshaped, : N ads 
hundred miles long lying parallel to the direction of 


and re-deposited into a variety of features. E , , PO 
the prevailing winds. The Crestline of the seif rises 


e Two most common types of dunes are Barchan & Seifs. , , 
and falls in alternate peaks and saddles in regular 


e Barchan: ‘ : 
successions like the teeth of a monstrous saw. 


e These are crescentic or moon-shaped dunes that , : f 
e The dominant winds blow straight along the 


occur individually or in groups. They are live dunes : . 
corridor between the lines of dunes so that they 


that advance steadily before winds that come from , 
are swept clear of sand and remain smooth. The 


a particular prevailing direction. They are most , , 
eddies that are set up blow towards the sides of 


prevalent in the deserts of Turkestan and in the , , 
the corridor, and, having less power, drop the sand 


Sahara. 
to form the dunes. 


e Barchans are initiated probably by a chance , 7 , , 
e In this manner, the prevailing winds increase the 


accumulation of sand at an obstacle, such as a , TONS , , 
length of the dunes into tapering linear ridges while 


patch of grass or a heap of rocks. They occur : i : : 
the occasional crosswinds tend to increase their 


transversely to the wind, so that their horns thin , , : , 7 
height and width. Extensive seif dunes are found in 


out and become lower in the direction of the wind 
the Sahara Desert, south of the Qattara 


due to the reduced frictional retardation of the , 
Depression; e.g. the Thar Desert and the West 


winds around the edges. ; 
Australian Desert. 
e The windward side is convex and gently sloping 
while the leeward side, being sheltered, is concave 


and steeps (the slip-face). 


e The crest of the sand dune moves forward as 
more sand is accumulated by the prevailing wind. 
e The sand is driven up the windward side and, on 


reaching the crest, slips down the leeward side so 


that the dune advances. 


D Longitudinal dunes (seifs) 


e The migration of the barchans may be a threat to 
desert life for they may encroach on an oasis Loess 


burying palm trees or houses. e The fine dust blown beyond the desert limits is deposited 


on neighboring lands as loess. It is a yellow, friable 


material and is usually very fertile. Loess is in fact, fine 
loam, rich in lime, very coherent, and extremely porous. 
Water sinks in readily so that the surface is always dry. 
Streams have cut deep valleys through the thick mantle 
of soft loess and badland topography may develop. It is 
so soft that roads constructed through a loess region 
soon sink and their walls rise steeply. The most extensive 
deposit of loess is found in northwest China in the loess 
plateau of the Hwang- Ho basin. 

It is estimated to cover an area of 250,000 square miles, 
and the deposits have accumulated to a depth of 200 to 
500 feet! In China, such yellowish wind-borne dust from 
the Gobi Desert is called ‘Hwangtu’ — the yellow earth! 
But the original tern loess actually comes from a village in 
Alsace, France bearing that name, where such deposits 
occurred. 

Similar deposits also occur in some parts of Germany 
France and Belgium and are locally called Limon They 
are also wind-borne but were blown from material 
deposited at the edge of ice sheets during the Ice Ages. 
In parts of the Mid-West, U.S.A. loess was derived from 


the ice sheets which covered northern North America and 


is termed adobe. 
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the surface. There is so much material in the flash floods 
that the flow becomes liquid mud. 
When the masses of debris are deposited at the foot of 
the hill or the mouth of the valley, an alluvial cone or fan 
or ‘dry delta’ is formed, over which the temporary stream 
discharges through several channels, depositing more 
material. 
The pasty alluvial deposits are subjected to rapid 
evaporation by the hot sun and downward percolation of 
water into the porous ground, and soon dry up leaving 
mounds of debris. Apart from gullies there are many 
larger dry channels or valleys. 
Temporary lakes(Playas): 
e Also known as Playas, Salina or Salars. 
° Formed in arid or semi-arid areas by intermittent 
streams flowing into depressions 
e Contain high percentage of salts due to high 
evaporation & lower precipitation. 
e The playa plain covered up by salts is called alkali 


flats. 


Mesa Wadi 


A portion of the plateau isolated A dry gully or riverbed eroded 
by occasional flash floods 


from the main plateau 


Butte 
An isolated tower, a 
remnant of the plateau 


Plateau 
Alarge flat area with steep 
cliffs and narrow valleys 


Pediment 

A shallow slope at the 
foot of a steep slope 
or cliff 


Alluvial fan 


Formed where a wadi or canyon 
meets the lower ground-a bajada 
Inselberg is formed where these fans coalesce 
An island mountain 
of resistant rock rising from 
the softer more easily eroded 
rocks of the plain 


mi 
Salt pan (playa) 
Site of a former or occasional lake 


Oasis 
Site of a surface aquifer 
(water bearing rock) 


Barchan or 
crescent dune 


Landform of Water Actions in Desert Bajada & Pediment: The floor of the desert depression is 


made up of two features viz. Bajada & Pediment. 
° Few deserts in the world are entire without rain or water. 


The annual precipitation may be small and comes in S Bajada 


irregular showers. But thunderstorms do occur and the e Depositional feature made up of alluvial material 


rain falls in torrential downpours, producing devastating lay down by intermittent streams. 


effects ° Bajada is formed by the coalescence of alluvial 


e A single rainstorm may bring several inches of rain within fans 


a few hours, drowning people who camp in dry desert These fan-shaped deposits form from the 


streams and flooding mud-baked houses in the oasis. deposition of sediment by a stream from upland 


e As deserts have little vegetation to protect the surface region onto flat land at the base of a mountain 


soil, large quantities of rock wastes are transported in the s Paadas Are common imand AGAS WIErea Nage 


sudden raging torrents or flash-floods. Loose gravels, quantity of sediment is deposited by flash floods 


sand, and fine dusts are swept down the hillsides. e Bajadas frequently contain playa lakes 


e They cut deep gullies and ravines forming bad-land ° Pediment 


topography. Subsequent downpours widen and deepen ° An erosional plain formed at the base of the 


the gullies when they wash down more soft rocks from Surrounding mountain scarps -steep slope. 


e They are gently inclined rocky floors close to the 
mountains at their foot with or without a thin cover 
of debris. 

e They form through the erosion of mountain front 
through a combination of lateral erosion by 
streams and sheet flooding. 

e Through parallel retreat of slopes, the pediments 
extend backwards at the expense of mountain 
front 

e Gradually, the mountain gets reduced leaving an 
inselberg which is a remnant of the mountain. 


e That’s how the high relief in desert areas is 


reduced to low featureless plains called pediplains. 


Playa lake 


Mountain Alluvialfan  Pediment 


range 


It is likely these mountain fronts scree slope mesa outlier 
retreat back in a parallel fashion \ | 
(see King’s pediplanation theory) \ | cuesta | buttes 


dissected 
tableland 


resistant 
cap rock 


fan where 
wadi emerges 


alluvial apron joint 
gullies 


Conclusion 


Fluvial, marine, and karst landforms are created by various 
erosional and depositional processes involving water, wind, and 
other geological factors. These landforms, such as headlands, 
bays, caves, arches, stacks, stumps, spits, and alluvium fans, 
are found all over the world and contribute to the diverse and 
fascinating landscape of our planet. Understanding the 
processes that shape these landforms is essential for studying 
geomorphology, as well as for sustaining and preserving these 
unique features for future generations. 
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e Alluvium fans 

e Alluvium fans are cone-shaped accumulations of 
sand that form at the end of a wadi or valley. A 
wadi is a narrow, dry valley characterized by its 
intermittent water flow, which only occurs during 
heavy rainfall. For the majority of the time, the 
valley remains dry and parched. However, during 
heavy downpours, the wadi can fill up with water, 
carrying alluvium from the higher ground 
downstream as sheet wash. 

° As the wadi comes to an end and opens up into a 
larger space, the flow of water loses energy, 
causing the transported alluvium to spread out and 
form a fan-like shape. This process results in the 
creation of alluvium fans at the exit of the wadi or 
valley. 

e Canyons/Gorges 

e Gorges, also known as canyons in America, are 
deep and narrow valleys that have been carved 
out and eroded by rivers flowing through desert 
landscapes. 

e The Grand Canyon in Arizona, USA, is an example 
of such a formation, created by the vertical erosion 
of sedimentary rock layers by the Colorado River 


over millions of years. 


pillar 


this landscape is seen as 
evidence for wetter climates 


What are the main differences between fluvial, marine, and 
karst landforms? 

Fluvial landforms are created by the action of rivers and running 
water, while marine landforms are shaped by the processes 
occurring along coastlines and in the ocean. Karst landforms are 
formed by the dissolution of soluble rocks, such as limestone, 


resulting in features like caves and sinkholes. 


How do headlands and bays form on coastlines? 


Headlands and bays form when there is a variation in the resistance 


of rocks along a coastline. Softer rocks, such as clay and sand, 


erode more quickly and form bays, while harder rocks, such as 


chalk, erode more slowly and form headlands. 


What factors contribute to the formation of karst 
topography? 

Karst topography develops in areas with dense, soluble rocks (e.g., 
limestone), low water tables, and moderate to heavy rainfall. These 
factors encourage the rapid downward movement of groundwater, 


promoting the dissolution of bedrock and the formation of features 
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What are some examples of depositional landforms in 
marine environments? 


Some examples of depositional marine landforms include beaches, 
spits, and hooks. These features are created by the accumulation of 
sediments deposited by the sea, often in sheltered areas or where 


there are changes in the shape of the coastline. 


What is the difference between a gorge and a canyon? 


Gorges and canyons both refer to deep, narrow valleys that have 


like caves and sinkholes. been carved out and eroded by rivers. The main difference between 


them is regional terminology, with "gorge" being more commonly 
used in Europe and "canyon" in America. The Grand Canyon in 


Arizona, USA, is an example of such a formation. 


1. What are fluvial landforms? 


Ans. Fluvial landforms are landforms that are created by the action of running water, such as 
rivers and streams. Examples of fluvial landforms include valleys, canyons, floodplains, and 


meanders. 


2. What are some examples of marine landforms? 


Ans. Marine landforms are landforms that are created by the action of the ocean or sea. 


Examples of marine landforms include beaches, cliffs, sea stacks, and coral reefs. 


3. What are the types of erosion? 


Ans. There are several types of erosion, including: 1. Water erosion: This occurs when 
running water, such as rivers or rainfall, wears away the land and carries away sediment. 2. 
Wind erosion: This occurs when wind blows over the land and picks up and carries away 
loose particles of soil and sand. 3. Glacier erosion: This occurs when a glacier moves across 
the land, scraping and plucking away rocks and sediment. 4. Coastal erosion: This occurs 


when the action of waves and currents wears away the land along a coastline. 


4. What are karst landforms? 


Ans. Karst landforms are created by the dissolution of soluble rocks, such as limestone or 
dolomite, by water. They often feature unique formations such as sinkholes, caves, and 


underground drainage systems. 


5. What are some examples of desert landforms? 


Ans. Desert landforms, also known as arid landforms, include: 1. Sand dunes: These are 
mounds or hills of sand that are formed by wind or water erosion and deposition. 2. Desert 
pavement: This is a flat surface made up of closely packed pebbles and stones, formed by 
wind erosion removing finer particles. 3. Playas: These are flat, dry lake beds that form in 
desert basins. 4. Arroyos: These are dry riverbeds that only fill with water during heavy 


rainfall or flash floods. 
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Factors Controlling Landform Development 


What are Landforms? 


° Landforms are three-dimensional structures found on the 
Earth's surface, ranging from small to medium-sized 
areas. These natural formations can take various shapes, 
such as mountains, plains, plateaus, valleys, and hills, 


among others. 


Before going to the factors that control the development of 
landforms, we need to know the answers to some of the main 


questions like - 


Why do landforms develop? Why is the Earth's surface 
uneven? 


Landforms develop and the Earth's surface is uneven due to 
several factors, primarily involving the dynamic nature of the 
Earth's crust and the varying intensities of internal and external 
forces. 


e The Earth's crust is constantly moving, both vertically and 
horizontally. This movement contributes to the formation 
and reshaping of various landforms over time. 

e The geothermal gradient, or the variation in the Earth's 
internal heat, causes uneven distribution of energy within 
the planet. This energy generates internal forces that 
create different types of high and low land surfaces, 
which are collectively known as landforms. 

e External forces, primarily driven by sunlight, also 
influence the Earth's surface. These forces include 
weathering, erosion, and mass movement, which alter 
the structure of landforms over time. For instance, large 
mountains may gradually erode into smaller hills and 
eventually become flat plains due to the continuous 
action of these external forces. 

e The intensity of both internal and external forces varies 
across the Earth's surface. This variation leads to the 


development of diverse landforms in different regions. 


Which factors primarily contribute to the development of 
landforms and the unevenness of the Earth's surface? A. 
The Earth's crust movement and internal heat B. Rock composition 
and relief C. Climate and external forces D. Biological activities and 


human activities 


In summary, the development of landforms and the unevenness of 
the Earth's surface are primarily due to the dynamic nature of the 
Earth's crust and the varying intensities of internal and external 
forces. Other factors also contribute to the formation and evolution 
of landforms, but these primary forces play a significant role in 


shaping the Earth's diverse landscapes. 


Following are the controlling factors of landform 


development: 


e Rock Composition or Parent Rocks: The rate at which 
landforms develop or form is influenced by their rock 
composition or parent rocks. This is due to the variation 
in the size and composition of rocks, which determines 
their hardness or softness. For example, quartz is a hard 
rock that erodes and weathers slowly, while limestone is 
a soft rock that undergoes weathering and erosion more 
quickly. This results in the rapid degradation of landforms 
composed of softer rocks. Each rock type has unique 
characteristics that make it more or less resistant to 
different weathering agents, leading to the formation of 
diverse landforms. 

e Relief: Relief refers to the elevation difference between 
the highest and lowest points in an area. Landforms 
develop more quickly in areas with greater relief due to 
increased erosion. For instance, landform development in 
the Himalayan region is faster than in the Aravalli region 
because the relief is higher. Greater relief also results in 
stronger gravitational forces, leading to mass movements 
and large-scale landslides. 

° Geological Formation: The geological structure of 
rocks, such as their layers, faults, orientations, 
inclinations, joint presence or absence, hardness or 
softness, and chemical sensitivity, also affects landform 
development. 

e Exogenous Agents: External factors like water, wind, 
ice, currents, waves, and tides also influence the 
development process of landforms. 

° Climate: Temperature and humidity are crucial climate 
factors that impact landform development. High humidity 
enhances chemical and biological weathering processes, 


while high rainfall and wind speeds increase erosion 


activities. Large temperature variations cause rocks to 
expand and contract, leading to their fragmentation. 
Landform development processes and intensities vary 
across different climatic zones and even within the same 
climate zone due to varying rainfall and temperature 
intensities. 

e Energy: Energy sources, both internal and external, 
affect landform development. Internal energy refers to 
differences between convergent and divergent 
convection cells within the Earth, while external energy 
includes temperature variations, wind, and pressure 
changes. 

° Biological Activities: The presence of vegetation can 
accelerate chemical weathering processes as plants 
release acids and moisture onto rocks. Conversely, a lack 
of vegetation can increase erosion, leading to the rapid 
degradation of elevated landforms. 

e Human Activities: Human actions, such as agriculture, 
dam construction, infrastructure development, and 


brick-making, can also influence landform development. 


How does the relief of an area influence landform 
development? A. It determines the rock composition of the area 
B. It affects the climate of the area C. It impacts the rate of erosion 


and mass movements D. It influences biological activities in the area 


Conclusion 


Landforms are natural structures found on the Earth's surface 
and are formed and reshaped by various factors. These factors 
include the rock composition, relief, geological formations, 
exogenous agents, climate, energy, biological activities, and 
human actions. The dynamic nature of the Earth's crust and the 
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varying intensities of internal and external forces significantly 
influence the development of diverse landforms across the 
planet. Understanding these factors and their impact on 
landform development is crucial for predicting and managing 
the Earth's changing landscapes. 


What are the main types of landforms? 


Some of the main types of landforms include mountains, plains, 
plateaus, valleys, and hills. These natural formations vary in size 


and shape and are found on the Earth's surface. 


What are the internal and external forces that contribute to 
landform development? 


Internal forces include the movement of the Earth's crust and the 
geothermal gradient, which generates energy that shapes the 
Earth's surface. External forces, driven by sunlight, include 
weathering, erosion, and mass movement, which alter the structure 


of landforms over time. 


How does rock composition affect landform development? 


The rock composition or parent rocks influence the rate of landform 
development due to the variation in the size and composition of 
rocks, which determines their hardness or softness. Harder rocks 
like quartz erode and weather slowly, while softer rocks like 


limestone undergo weathering and erosion more quickly. 


How does climate influence landform development? 


Temperature and humidity are crucial climate factors that impact 
landform development. High humidity enhances chemical and 
biological weathering processes, while high rainfall and wind speeds 
increase erosion activities. Large temperature variations cause 


rocks to expand and contract, leading to their fragmentation. 


How do human activities affect landform development? 


Human actions, such as agriculture, dam construction, infrastructure 
development, and brick-making, can influence landform 
development by altering natural processes like erosion and 
weathering. These activities can lead to the rapid degradation of 


elevated landforms and the alteration of the Earth's surface. 


5. How do human activities impact landform development? 


Ans. Human activities can significantly impact landform development. Mining operations can 


alter the topography by removing large amounts of soil and rocks, leading to the formation of 


mining pits or spoil heaps. Deforestation can result in increased soil erosion and landslides, 


changing the landscape and affecting landform development. Construction activities like 


dam building can modify river courses and create reservoirs, altering the natural flow of 


water and impacting landforms downstream. Human-induced climate change can also have 


long-term effects on landforms through sea-level rise, increased erosion, and altered 


precipitation patterns. 
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1. What are the factors controlling landform development? 


Ans. Factors controlling landform development include geology, climate, tectonic activity, 
erosion, and human activities. Geology determines the type of rocks and their properties, 
which influence landform formation. Climate affects landforms through processes like 
weathering, erosion, and deposition. Tectonic activity, such as plate movement and volcanic 
activity, can create mountain ranges and other landforms. Erosion by rivers, glaciers, wind, 
and waves also plays a significant role. Human activities like mining, deforestation, and 
construction can alter landforms. 


2. How does geology influence landform development? 


Ans. Geology influences landform development by determining the type of rocks present and 
their properties. Different types of rocks have varying resistance to weathering and erosion. 
For example, hard rocks like granite are more resistant and can form mountains, while softer 
rocks like sandstone may erode into valleys or cliffs. Geology also affects the formation of 
specific landforms like caves, canyons, and coastal features. The composition and structure 
of rocks influence the processes of weathering and erosion, ultimately shaping the landforms 


we see. 


3. What role does climate play in landform development? 


Ans. Climate plays a crucial role in landform development through processes like 
weathering, erosion, and deposition. Temperature, precipitation, and wind patterns 
determine the rate and intensity of these processes. In humid regions with high rainfall, 
weathering and erosion are more pronounced, leading to the formation of valleys, gorges, 
and waterfalls. In arid regions, wind erosion and deposition can create desert landscapes like 
sand dunes. Cold climates with glaciers can carve out U-shaped valleys and create glacial 


landforms like moraines and cirques. 


4. How does tectonic activity influence landform development? 


Ans. Tectonic activity, such as plate movements and volcanic activity, can greatly influence 
landform development. When tectonic plates collide, they can create mountain ranges like 
the Himalayas or the Andes. This process, known as orogenesis, involves folding, faulting, 
and uplift of rocks, resulting in the formation of large-scale landforms. Volcanic activity can 
also shape the landscape by creating volcanic mountains, lava plateaus, and volcanic 
landforms like calderas and lava flows. Tectonic activity can be responsible for both gradual 


and rapid landform changes. 


Geo-Hydrology and Hydrological Cycle 


Overview = Geo-Hydrology and e Evaluating the quality and quantity of water in various 


sources, such as rivers, lakes, groundwater, and 
Hydrological Cycle reservoirs 


e Analyzing the impact of urbanization on water demand 
Geo-hydrological Investigation is a broad term referring to the 


study of the availability of water resources in specific areas. In ° Evaluating the influence of industrial and other economic 


India, this type of investigation encompasses various aspects, activities on water demand 


including: e Developing strategies for flood and drought control 


e Assessing groundwater levels before and after the P . . i 
Mapping plays a crucial role in geo-hydrological 


monsoon season : PAIRA z . 
investigations, as it offers several benefits: 


e Determining soil moisture content 


Maps provide a clear and concise representation of 
complex water resource information, simplifying the 
investigation process. 

Topographic maps help identify flood- and drought-prone 
areas, allowing for better management and mitigation 
strategies. For instance, low elevation areas are more 
susceptible to flooding, while high elevations are more 
prone to drought. 

Mapping assists in strategic planning for projects such as 
river linking, by outlining routes and identifying potentially 
affected areas like national parks and wildlife sanctuaries. 
The use of maps aids in pollution mitigation and 
environmental conservation by providing visual data on 


water resources and their surrounding areas. 


In summary, geo-hydrological investigation is a comprehensive 


study of water resource availability in specific regions. In India, this 


includes assessing groundwater levels, soil moisture, water quality 


and quantity, and the impact of human activities on water demand. 


Hydrological Cycle Explained 


The hydrological cycle, also known as the water cycle, is 
a continuous process in which water is exchanged 
between the atmosphere, oceans, and continents 
through evaporation, transpiration, condensation, and 
precipitation. This cycle is essential for maintaining a 
constant amount of water vapor in the atmosphere, which 
in turn supports the Earth's climate and ecosystems. 
Evaporation is the process where water from bodies of 
water, such as oceans and lakes, is transformed into 
vapor and released into the atmosphere. Transpiration 
occurs when plants release water vapor through their 
leaves. Together, these processes are called 
evapotranspiration, which contributes to the moisture 
content in the atmosphere. 

In the next stage, this evaporated moisture condenses to 
form clouds. The process of condensation occurs when 
water vapor in the atmosphere cools down and turns 
back into liquid droplets, forming clouds. Following 
condensation, precipitation occurs when these water 
droplets, now in the form of rain, snow, or other forms, fall 
back to the Earth's surface. 

The hydrological cycle is a continuous process with no 
specific beginning or end, as water is constantly 
circulating within the Earth's system. This cycle plays a 
crucial role in shaping the Earth's climate and supporting 
life on our planet. Factors such as the sun's energy and 


air currents drive the hydrological cycle, enabling the 
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various stages to occur and maintain balance within the 


Earth's water system. 


What are the four main stages of the hydrological cycle? A. 


Evaporation, condensation, precipitation, and runoff B. Evaporation, 


transpiration, precipitation, and infiltration C. Transpiration, 


evaporation, condensation, and runoff D. Evaporation, transpiration, 


condensation, and precipitation 


Process of the Water Cycle 


The water cycle is a continuous process that involves several 


stages, including evaporation and transpiration, condensation, 


precipitation, and runoff and infiltration. 


1. 


Stage l: Evaporation and Transpiration: The first stage 
of the water cycle involves the sun's energy heating up 
bodies of water such as lakes, rivers, and oceans, 
causing the temperature of the water to rise. This 
increase in temperature leads to the evaporation of some 
water into the air. Rising air currents then carry the water 
vapor up into the atmosphere. Simultaneously, plants and 
trees lose water to the atmosphere through a process 
called transpiration, in which they release water vapor 
that also rises into the sky. 

Stage Il: Condensation: In the second stage, the water 
vapor that has risen into the atmosphere cools down due 
to the lower surrounding temperatures. As a result, the 
water vapor transforms back into a liquid through a 
process called condensation. 

Stage Ill: Precipitation: During the third stage, wind 
movements cause the cloud particles to collide with each 
other. This causes the clouds to become heavy with 
water, eventually leading to the formation of rain-bearing 
clouds. The water then falls back onto the Earth's surface 
through a process known as precipitation, which can take 
the form of rain, hail, snow, or sleet, depending on 
temperature conditions. 

Stage IV: Runoff and Infiltration: After precipitation, the 
water either runs off into oceans and rivers, flows along 
the ground surface, or is absorbed into the soil through a 
process called infiltration. Once the water has gone 
through these steps, it is ready to evaporate once more 


and repeat the earlier stages of the cycle. 


By undergoing all these processes, the hydrological or water 


cycle continually replenishes the Earth's supply of fresh water. 


‘Condensation «2 


Groundwater 


Water Vapour in the Atmosphere 


The atmosphere contains varying amounts of water vapor, 
ranging from zero to four percent by volume. On average, water 
vapor makes up approximately 2% of the atmospheric 
composition. A hygrometer is an instrument used to measure 
humidity, or the amount of water vapor present in the 
atmosphere. 


° Significance of Atmospheric Moisture: Water vapor 
plays a critical role in regulating the Earth's temperature 
by absorbing both incoming and terrestrial radiation. This 
absorption process contributes to the heating of the 
Earth's surface. The amount of water vapor in the 
atmosphere also determines the energy available for the 
formation of storms and cyclones. Additionally, 
atmospheric moisture influences the rate at which the 
human body cools down in response to temperature 
fluctuations. 

° Humidity: Humidity refers to the amount of water vapor 
present in the air or atmosphere. It is often expressed as 
relative humidity, which is a percentage of the maximum 
amount of water vapor that the air can hold at a specific 


temperature. 


Why is atmospheric moisture important? A. It helps regulate 
Earth's temperature and influences storm formation B. It is essential 
for plant growth and soil fertility C. It assists in the breakdown of 
pollutants in the atmosphere D. It serves as a source of drinking 


water for humans and animals 


Conclusion 


Geo-hydrological investigation is essential for understanding 
water resource availability and management in specific regions, 
such as India. The hydrological cycle, a continuous process 
involving evaporation and transpiration, condensation, 
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precipitation, and runoff and infiltration, plays a crucial role in 
maintaining the Earth's climate and ecosystems. Water vapor in 
the atmosphere, which makes up approximately 2% of its 
composition, is significant in regulating temperature and 
influencing weather patterns. Overall, studying these processes 
and their impacts is vital for sustainable water resource 
management and environmental conservation. 


What is the primary objective of a 


geo-hydrological investigation? 


The primary objective of a geo-hydrological investigation is to study 
the availability of water resources in specific areas. This includes 
assessing groundwater levels, soil moisture content, the quality and 
quantity of water in various sources, and evaluating the impact of 


human activities on water demand. 


How does mapping benefit 


geo-hydrological investigations? 


Mapping plays a crucial role in geo-hydrological investigations by 
providing a clear and concise representation of complex water 
resource information, helping to identify flood- and drought-prone 
areas, assisting in strategic planning for projects, and aiding in 


pollution mitigation and environmental conservation. 


What are the main stages of the 


hydrological cycle? 


The main stages of the hydrological cycle include evaporation and 
transpiration, condensation, precipitation, and runoff and infiltration. 
These processes work together to maintain the Earth's water system 


and support the planet's climate and ecosystems. 


How does the water cycle help maintain 


the Earth's water supply? 


The water cycle is a continuous process that helps maintain the 
Earth's water supply by constantly circulating water within the 
Earth's system through evaporation, transpiration, condensation, 
precipitation, and runoff and infiltration. This process replenishes the 


Earth's supply of fresh water and supports life on our planet. 


What is the significance of atmospheric 


moisture in the hydrological cycle? 


Atmospheric moisture, or water vapor, plays a critical role in 
regulating the Earth's temperature by absorbing both incoming and 
terrestrial radiation. The amount of water vapor in the atmosphere 
also determines the energy available for the formation of storms and 
cyclones, and influences the rate at which the human body cools 


down in response to temperature fluctuations. 
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1. What is geo-hydrology? 


Ans. Geo-hydrology is a branch of hydrology that focuses on the study of groundwater, its 
occurrence, movement, and quality in the Earth's subsurface. It involves understanding the 


geological formations and their impact on groundwater resources. 


2. What is the hydrological cycle? 


Ans. The hydrological cycle, also known as the water cycle, is a continuous process through 
which water circulates between the Earth's surface and the atmosphere. It involves various 
processes such as evaporation, condensation, precipitation, and runoff, which collectively 


contribute to the distribution and availability of water on Earth. 


3. How does the water cycle work? 


Ans. The water cycle starts with the evaporation of water from oceans, lakes, and rivers, 
which then rises into the atmosphere as water vapor. The water vapor condenses to form 
clouds, and eventually, precipitation occurs in the form of rain, snow, or hail. This 
precipitation is then stored in various reservoirs such as lakes, rivers, and groundwater. The 
stored water eventually returns to the atmosphere through evaporation and transpiration, 


completing the cycle. 


4. Why is understanding water vapor in the atmosphere important? 


Ans. Understanding water vapor in the atmosphere is crucial because it plays a significant 
role in the Earth's climate system. Water vapor is the most abundant greenhouse gas and 
acts as a natural insulator, trapping heat in the atmosphere. It also influences the formation 
of clouds and precipitation, which are essential for the water cycle and overall weather 


patterns. 


5. How does geo-hydrology contribute to water resource management? 


Ans. Geo-hydrology provides valuable insights into the distribution, movement, and quality 
of groundwater resources. This information is essential for effective water resource 
management, as it helps in assessing the availability and sustainability of groundwater 
sources. Geo-hydrological studies also aid in identifying potential contamination risks and 


developing strategies for groundwater protection and conservation. 


Economic Geology and Environment 


Introduction to Economic e Economic geology is a scientific field that 
concentrates on investigating and exploring ore 

Geology deposits for financial gain. 

e Ore deposits are geological formations containing 


valuable minerals that can be extracted for profit. 


For example, while iron oxide may be present in 
large quantities in a particular area, it might not be 
lucrative on its own. 

Therefore, it is crucial to comprehend the 
properties and locations of ore deposits to 
maximize their economic benefits. 

In essence, ore bodies and deposits are 
mineral-rich rocks that can be mined for profit. 
The Earth's crust contains numerous resources 
that humans utilize to power their daily lives. 

The combination of geological and economic 
exploration forms the foundation of a thriving 
resource industry, which constitutes a significant 
portion of worldwide exports and drives economic 
growth in nations such as Canada, Australia, 


Norway, and South Africa. 


Significance of Economic 


Geology 


Economic Geology plays a crucial role in shaping 
a sustainable and prosperous future for humanity, 
as it focuses on the discovery and responsible 
extraction of natural resources. These resources 
are essential for providing people with a higher 
quality of life and contribute to various industries 
and economic growth. 

As an applied science, Economic Geology often 
leads to the commercial exploitation of resources, 
making it an integral part of industrial 
development. 

This field of study relies heavily on public funding 
from government agencies such as the National 
Science Foundation, National Aeronautics and 
Space Administration, Department of Energy, 
Geological Survey Canada, and universities. 

As a result, researchers and professionals in this 
field are well-versed in navigating both commercial 
and scientific environments. 

Economic Geologists play a vital role in finding 
new and innovative ways to extract natural 


resources responsibly, ensuring that their work 
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benefits not only the present generation but also 
future generations. 

By continually discovering and developing new 
methods and technologies, they contribute to the 
long-term sustainability of our planet and its 
resources. 

In summary, Economic Geology is a significant 
field of study that plays a vital role in securing the 
resources necessary for human progress while 
also promoting responsible and sustainable 
extraction practices for the benefit of future 


generations. 


Why is Economic Geology considered significant in 


shaping a sustainable and prosperous future for 


humanity? 


A. It focuses on discovering and extracting 
natural resources that are essential for 
providing a higher quality of life. 

B. It contributes to the fashion industry. 

C. It helps in the development of new sports 
equipment. 

D. It is essential for the growth of the 


entertainment industry. 


Advantages of Economic Geology 


Economic geology offers numerous benefits, 
primarily due to the collaboration between 
economists, chemists, and physicists. These 
professionals from different fields can work 
together as a cohesive team, utilizing their unique 
research areas that intersect with economic 
geology. 

By pooling their expertise, these scientists can 
efficiently conduct necessary calculations to locate 


ore deposits, saving both time and money. 


e This interdisciplinary approach also eliminates the 
need for repeated testing, as each team member 
can contribute their specialized knowledge to the 
project. 

e Furthermore, the synergy between geology, 
chemistry, and physics leads to a more 
comprehensive understanding of fundamental 
processes and intricate chemical details. 

e Overall, economic geology promotes efficiency, 
cost-effectiveness, and a deeper comprehension 
of the subject matter through the collaboration of 


experts from diverse scientific backgrounds. 


Economic and Environmental 


Geology 


e Economic and environmental geology may focus 
on different problems, but there are areas where 
they can collaborate and complement each other. 
Environmental geologists need to understand the 
economic implications of their work and the 
decisions they make throughout their careers. 

e Environmental geologists play a crucial role in 
making well-informed decisions based on their 
understanding of Earth's processes and how 
humans respond to this information. It is essential 
for them to adopt an economic perspective as 
well, as their expertise can significantly influence 
decision-making related to economic activities and 
their locations. 

e = As highlighted in an economic geology journal, the 
work of environmental geologists can greatly 
benefit the economy. The integration of 
environmental science and geology helps ensure 
clean water availability, economic growth, 
environmental preservation, sustainable 


development, and social equity for all. 


What are some advantages of Economic Geology? 


128 


A. It promotes efficiency and cost-effectiveness 
in locating ore deposits. 

B. It helps in developing new flavors of ice 
cream. 

C. It encourages the growth of the tourism 
industry. 

D. It enhances the performance of electronic 


devices. 


Conclusion 


Economic Geology is a crucial field of study within the 
realm of geology, as it plays a significant role in 
determining the success and prosperity of countries. 
This branch of geology focuses on the investigation and 
analysis of geological processes that lead to the 
creation, transformation, and distribution of mineral 
resource deposits. The ultimate objective is to locate ore 
deposits and generate profit from them. 

The study of Economic Geology encompasses various 
aspects, including surface mapping, geological mapping 
(which may involve rock units), mineralogy, 
geochemistry, statistical analysis, and numerical 
modeling. It is considered an intriguing field of science 
by many people due to its direct impact on our daily 
lives. For instance, the exploration and extraction of 
precious metals like gold and silver significantly 


contribute to the economy of nations worldwide. 


The significance of mineral production has grown 
exponentially in contemporary society, as it serves as a 
critical component in various industries and applications. 
Therefore, the study of Economic Geology remains 
essential for the continued growth and development of 


economies across the globe. 


What is the main goal of economic 


geology? 


The primary objective of economic geology is to investigate 
and analyze geological processes that lead to the creation, 
transformation, and distribution of mineral resource 
deposits. The ultimate goal is to locate ore deposits and 


generate profit from their extraction. 


How do economic geologists 
contribute to sustainable 


development? 


Economic geologists play a vital role in finding new and 
innovative ways to extract natural resources responsibly, 
ensuring that their work benefits not only the present 
generation but also future generations. They continually 
discover and develop new methods and technologies that 
contribute to the long-term sustainability of our planet and 


its resources. 


How does the interdisciplinary 
approach of economic geology benefit 


the field? 


The interdisciplinary approach of economic geology 
promotes efficiency, cost-effectiveness, and a deeper 
comprehension of the subject matter through the 
collaboration of experts from diverse scientific backgrounds, 
such as economists, chemists, and physicists. This 
collaborative effort allows for efficient calculations to locate 


ore deposits, saving both time and money. 


1. What is economic geology and why is it significant? 
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How do environmental geologists and 


economic geologists collaborate? 


Environmental geologists need to understand the economic 
implications of their work and the decisions they make 
throughout their careers. By adopting an economic 
perspective, their expertise can significantly influence 
decision-making related to economic activities and their 
locations. The integration of environmental science and 
geology helps ensure clean water availability, economic 
growth, environmental preservation, sustainable 


development, and social equity for all. 


How does the study of economic 


geology impact our daily lives? 


The exploration and extraction of precious metals like gold 
and silver significantly contribute to the economy of nations 
worldwide. The significance of mineral production has 
grown exponentially in contemporary society, as it serves as 
a critical component in various industries and applications. 
Therefore, the study of economic geology remains essential 
for the continued growth and development of economies 


across the globe. 


Ans. Economic geology is a branch of geology that focuses on the study of Earth materials 


that can be economically extracted for their valuable resources. This field plays a crucial role 


in identifying and evaluating mineral deposits, petroleum reserves, and other natural 


resources. It helps in understanding the distribution, origin, and characteristics of these 


resources, which is essential for their sustainable exploitation. Economic geology is 


significant as it provides the foundation for resource exploration, mine planning, and 


resource management, contributing to the development of industries and economies 


worldwide. 


2. What are the advantages of economic geology? 


Ans. Economic geology offers several advantages. Firstly, it aids in the discovery and 


assessment of mineral deposits, oil and gas reserves, and other valuable resources, which are 


vital for meeting the increasing demand for raw materials. Secondly, it provides valuable 


information for resource planning and management, ensuring the sustainable utilization of 


Earth's resources. Moreover, economic geology supports the development of mining and 


petroleum industries, creating employment opportunities and contributing to economic 


growth. Lastly, it helps in understanding geological processes, which can have implications 


for hazard assessment and environmental management. 
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3. How does economic geology relate to the environment? 


Ans. Economic geology and environmental geology are closely linked. Economic geology 
involves the study of Earth materials and resources, while environmental geology focuses on 
the impact of human activities on the environment. The extraction and utilization of natural 
resources, such as mining and drilling, can have significant environmental consequences. 
Therefore, economic geologists play a crucial role in ensuring responsible resource 
extraction practices that minimize environmental degradation. They assess the potential 
environmental impacts of resource extraction, develop strategies for environmental 


protection and restoration, and contribute to sustainable development. 


4. What role does economic geology play in sustainable development? 


Ans. Economic geology plays a vital role in sustainable development. It helps in identifying 
and evaluating mineral deposits and other valuable resources, ensuring their sustainable 
extraction. By understanding the distribution and characteristics of resources, economic 
geologists contribute to efficient resource management, preventing resource depletion and 
promoting long-term sustainability. They also contribute to environmental protection by 
assessing the potential impacts of resource extraction and suggesting mitigation measures. 
Furthermore, economic geology supports the development of industries and economies, 


providing opportunities for economic growth and improving living standards. 


5. How can economic geology contribute to energy transition and climate 
change mitigation? 


Ans. Economic geology can contribute to energy transition and climate change mitigation in 
several ways. Firstly, it helps in the exploration and assessment of renewable energy 
resources such as geothermal, wind, and solar energy. By identifying suitable locations for 
renewable energy projects, economic geologists support the transition from fossil fuels to 
clean energy sources. Secondly, economic geology plays a role in the exploration and 
development of critical minerals required for clean technologies, including lithium for 
batteries and rare earth elements for wind turbines and electric vehicles. By ensuring a 
sustainable supply of these minerals, economic geology supports the development of low- 
carbon technologies. Lastly, economic geologists contribute to carbon capture and storage 
projects by identifying and characterizing suitable geological formations for carbon 


sequestration, aiding in climate change mitigation efforts. 


